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MANUFACTURES OF jGRJAT BRITAN., 


THE MANUFACTURE OE LEATHER. 

* • 

Tiie manufacture of leather in this country ranks 
next in importance to that of cotton, apd o^upol ; 
and is, perhaps, equal to that of iron? Nor need 
this cxcit<? surprise, fyr what substitute *could be 
found for leather?— a substance air once dyrable and 
elastic; affording protection from wet, from cold, 
and from external injury ; capable «of being formed 
into innumerable useful articles, and susceptible of a 
high degree of ornament ; entering into the structure 
of various engifies and machines ; supplying harness 
to our horses, linings to our carriages, and covers to 
our boois. But the chief importance of leather 
Arises ifrom its value as an article of clothing ; and 
the necessity for suck a pi^tcction seems to have 
stimulated man in all ftges, ^nd in the most widely 
separated parts of the globe, to the invention of some 
method for preserving the skins of animals. 

© Hencefit is difficult to say anything respecting the 
origin of an art, vrliich, being A necessary to the 
copifort and welfare *of mankind, must haw; bRen # 
practised at a ver^early period. The skins ofWlsts 
taken irt the chase arfc, in their fresh state, to^gh, 
flexible,! and and seem well adapted for 

clotlti»g ; but in drying they shrink, become horny, 
and art# liable to putrefy by exposure to moisture. 
But the qualities of the skin, which adapt* it \so 
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admirably to the purposes of clothing,, may be 
«^t6rrd, ancj^cvei^ rendered permanent, by placing it 
. in solutions of certain vegetables which # fill&/uhd in 
almost every countrj. fcjjktnB m^y ateo be^made in- 

:rs which 



re- 


purpose is 

by rubbing in oifor fat, a practice which is 
clearly alluded to by Homer. 

The object of these processes btfing to reiser soft 
and flexible, that wmch would otherwise be hard and 
unyielding, the skin thus transformed was called by 
our Saxon ancestors Uth, lithe , or lit her, (that is, soft, 
yielding,) from ‘which the word leather is^ supposed 
to have been derived. The ^ord to tan, and the 
French i&nner, are from the low Latin, tanare . 


VARIETIES OF SKINS USED IN TANNING. 

Leather is prepared from the skins of animals 
by means of a .peculiar vegetable substance, found in 
the bark of mosttfrees, called tannin. It i^. also made 
by a preparation of alum and salt, as in the process 
of tawing ; a third method is, by dressing in oil. 

The skin or hide of an animal consists of three 
distinct parts placed one over the other : — 1st, the 
epidermis , or cuticle, which is covered witft hair or 
wool; 2d, the reticulated , or W6tf-like tissue ; ajid 3d,, 
the dermis , or true .skin/ which is in contact with the 
flesh. This last is the (jiily pait which can be tanned; 
so that it is necessary to get rid of the %wo former 
before the process of* making leather can be com- 
menced. The true skin is a thick, dense, h&rd mem-« 
branc, composed of Jibrcs interlacing each other in a 
t cuij ous complex manner. It* is not equally thick 
throughout its texture; the part* which covers the 
mane, the back, and the rump, being mucli thicker 
than the parts covering the belly. JTlys skin JconsiBts, 
chiefly, of a substance called gelatine , from its %j v \lly- 
like' appearance when in solution: it is an abundant 
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material iir tnany atiimal matters ; in tie skin of the 

ox it is indurated , that is, hard. Gelatine is distin- 
guisliQd^rojp' albumen (of which the # whit^of annefi* 
chiefly consists,) by being easily dissolved in warm 
water ; wfeereai|^ll)«meiT is made solid by lieat. All 
anilllal inXttjr gelatine may be used in 

making glue. • C 

It might *be supposed, m consequence of the vast 
quanti^of animal food consumed in England, that 
the shambles would afford an abundant supply of 
skins to the tan-yard ; but the hides furnished 
by this country are by no means sufficient in 
quantity to meet the demands of the leather trade. 
Immense ^quantities # of skins are annually imported 
from various parts of the world, and it may be inter- 
esting to notice, briefly, their varieties and sources. 

All tanned leather is classed and knojyli two 

denominations, hides and skins. From tfyese there 
are three kinds of leather tanned in England. 

I. Butts , or backs; these arc selected' from the 
stoutest and heaviest ox-lfidcs. The ‘butt is formed 
by cutting off the skin of the head for glue, also the 
neck, the shanks, and ft strip of the belly, on each 
side. The remaining central part, the butt, or back of 
the hide, is the thickest part, and is used for purposes 
where gteat strength is required. 

*+ II. ■ Jlides , or crop-hides , consist of cow-hides, or the 
lighter ox-hidqs; they arc tanned whole, and form 
leather which is used $>r ordinary purposes. 

III. * Skim are usM for atl the lighter kinds of 
leather, as will be more particularly noticed in the 
♦following enumeration. 

The hides of Srtuth America •arc in the highest 
reoute; they are the* produce of the half-wild cattle 
which pasture on the wide plains between •Bunno^ 
Ayres and the Aides,; hides are also imported from 
various |mrts of the continent, and also from MoAcco, 
th<^*Cape of Good Hope, &c. In the year 1829,* 
* IA the year 1830 the duty on leather was wholly repcale^ 
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286,416 cwlf. of hides were ftnportell,’ of #• which 
166,400 came from South America, 24,000 from 
-Nbrth Aaneric?,, and the remaining '66,QQ0. from 
Russia, Denmark, Germany, and the Netherlands. 

The bdlty or back , of tte l 'ox-hifie fS*ns tBe stoutest 
and heaviest leather, and is usetW«ithe goles of Boots 
and cfooes, for most parjf^^^harness and saddlery, 
for leather trunks and buckets, hose for*firc-engines, 
pump valves, soldiers’ belts, and , gloves foi^avalry. 
Formerly, when t^e use of metallic ardour was on 
the decline, its place was taken by a very thick pliant 
leather made from the hide of the urus, or wild-bull, 
at that time plentiful in the forests of Poland, 
Hungary, and some parts of Russia. This animal 
was commonly called the buffe , whence originated the 
term^buff- leather. The Russian Company, chartered 
by riehry III. , was .obliged to import a certain 
number of butfe-hides, to be manufactured for mili- 
tary purposes. Real buff-leather was pistol-proof, 
ami woulfi turn the edge of a sword. t During the 
civil wars, in thg reign of Charles I., it was in great 
request, hut it afterwards declined. The liides of the 
real buffalo of Italy were also imported for the same 
purpose ; but the modern buff-leathfer is made from 
cow-hide, and is used for little else than soldiers’ belts. 

Bull-hide is thicker, stronger, and coart&r in its 
<*rain than that of the cow. The hide of the fmllocH, 
is intermediate between the two. « Calves sldn is 
thinner than cows’, but thicket than most other skins 
employed. Leather is pre par edP from it for the book- 
binder, by the process of tawing; but the greater 
part of the supply is tanned, and then curried for the 
upper parts of shoes and boots. 

ffyeep-skins are supplied, chiefly, by the home 
Inaik^tfc, but many thousands are imported from the 
Cape of Good Hope, and are considered superior to 
tho^e of England, from which they arc easily dis- 
tinguished by the greater width of the skin «*vfiat 
covers the tail. They arc simply tanned, aUd em- 
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ployed for various purposes for which* a thin cheap 
leather is required ; such as for common book-bind- 
ing, lcalfteAig for bellows, whip-laslfes, b^s, apftns,* 
&c. They als^ form* Jhe . cheaper kinds # of wash- 
leather, U>r b?l^ches, gloves, and under- waistcoats ; 
as also eolouied im?Nfejnd leathers, and mock morocco 
used for wqynen’s shoest^Sir covering writing rabies, 
stools, chairs, and sofas, lining carriages, &c. 

Larrfaskins are also, chiefly, of home produce ; but 
they are largely imported froimthe North of Italy 
and Sicily. They are dressed white, or coloured for 
gloves. In 1829, 1,497,000 lamb-skins were imported 
from Ital^ and Sicily, and 239,000 from Spain. 

The skins of / 700 &P and l' ids form the best kinds of 
light leather. The great supply of the best kid- 
skins is from Switzerland and Tuscany, yvhd^r^thev 
ai'e shipped chiefly at Leghorn. Griat-skms are 
principally obtained fijpm the coast of Barbary and the 
Cape of Good Hope. They form .the Jjest dyed 
morocco of all colours. IJid-skins supply the finest 
white an 4 coloured leather, for gloves and ladies’ 
ihoes. In 1829, 306,00^ goat, and 106,000 kid-skins 
were imported. Of the former, 104,000 came from 
Barbary, 87,0(t0 from the Cape of Good Hope, and 
36,000 ^om France ; and of the latter, 82,000 from 
# the Italian ports, and 1 6,000 from Spain. 
m D$®r-skins are, to some extent, supplied by our 
parks ; but thfc principal supply .is from New York 
and New Orleans; %icw ar^sent from Canada, and 
some from* India. Antelope-skins from the Cape of 
Good Hope are of good quality. In 1829, 120,000 
•deer-skins were sept from the United States, 1,780 
from Canada, and 676 from Iftdia. They are all 
sham oy ell, or dressed in oil, chiefly for riding 
breechqp. • # •* 

Shamoyed leather < 3 f sheep, goat, and dcer-Ams, 
wasfoAnerly «a celebrated and lucrative branch of 
tM^Jeather trade in this country. It was emplorady 
chiefl/ for the breeches, white or dyed, wot^|^^ 
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persons who rode muck on horseback. *The English 
sfyamoyed leather was so excellent that it was not 
wornfby oiSr own troops, but by tM6 (Svstlry of 
Prussia, ^Austria, £hd m pat "otjier* German states. 
During the Peninsular Var, h owg j<£r, itf was r /lis- 
covenad by the British coip#£tS5er ifeat, in wet 
wcatner, the leathern garntfSufs fitted elos£ to the skin, 
and, being longer in drying, chilled the men, and 
made them liable to rheumatic and other con#f)laints. 
Woollen cloth was therefore substituted, and the 
example being speedily followed by Austria and 
Prussia, this branch of the leather trade speedily 
declined. • - 

Horse-hide is used, to a limitechextent. It is tanned 
and curried for harness work for collars ; and, being 
pare^jun,,is now much used for ladies 1 walking- 
shoes. " ( 

Dog-skin is thin, but tough, aod makes good leather. 
The supply is entirely limited to this country, but 
has much fallen off of late years, being superseded as 
a material for thin dress-shoes by horse-leather, and 
tanned rat-skins. Sealskin js inferior to that of thfc 
dog, but is employed for similar purposes. In 1829, 
289,500 seal-skins were imported, the greater part of 
which were from Canada ; but a large proportion of 
this supply is used as fur in covering caps. 

Hogskin furnishes a thin, dense leather, employed 
entirely for covering the s^ats of saddles. The 
general custom of eoojdng po$Jc with the skin on, 
greatly limits the supply, which is chiefly from Scot- 
land and Yorkshire. 


* VEGETABLE SUBSTANCES USED IN TANNING. '* 

*( 1 ~ & 

In the bark of most trees there resides a peculiar 

and ^ remarkable substance, to which the $ame of 
tymin has been applied, from the circumstance of 
jpj^jiniting with the gelatine of skins, and thus 
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formlftg leather. The process by wliich tannin is 
obtained from . vegetable substances need no£ #be 
detailedf because tne tanner never* has 4o obtain it 
pure an(^ separate ^om* tjie wo§dy fibres, &c., such 
prqpess belong! ^ to the scientific chemist. It will, 
however, b£ int^SSK^ to state the various jjtopor- 
tions in wbich tannin "C&ists in different vegetable 
substances, as ascertained by Sir Humphry Davy. 
In evtty 480 paTts of each of the following sub- 
stances, there exists a quantity «3f tannin, as shewn 

in the second column : — • 

‘ 


White inner bark o£ Old Oak . . . 

— % — — Young Oak . . 

— — — Spanish Chestnut. 

— — — Leicester Willow . 

Middle hark of Oak 

— — Spanish Chesfriut . . 

— # — Leicester Willow . . 

Entire bark of Oak + 

— — Spanish Chestnut . . 

— — Leicester Willow . . . 

— — Elm ....... . 

— • — Common Willow . . . 

Sicilian Sumach 

Souchong Tea . . . .* 

Green Tea ^ . . . 

Bombay Caoutchouc 

Bengal ditto 

Nut? Galls 


72 parts. 

77 
63 
79 

vT* 

. 16 
* 29 

. 21 
33 

13 

11 

78 
48 
41 

261 

231 

127 


Thds it will be seen how greatly the quantity of 
tannin varies f h different vegetsrible products ; and 
that it is by no means indispensable to employ oak 
in preference to any other vegetable bark-; but the 
advantages of cheapness and abundance cause it to be 
'generally preferred «to other substances in the tanning 
of thick feather ; although in softie tan-yards, where 
olher kinds of bark can be more profitably pyocured? 
they ar<f preferred* to oak. Most tanners, however, 
state that oak-bark surpasses all other barkfc in 
producing durable*leather. The price of rough oak- 
bare varies from 51 . to 7/. per ton; but when freed 
from moss and the external core, the price becopies 
■ - a 3 
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as much as 9/. per ton. Large quantifies of’ oak- 
bajrf^are imported from the continent,. bu£ the quality 
iff not equ3& to tliat of the English. m ^ • 

Of late years the fcark of tne Jprcl* has bgen much 
used in tanning. Large quantitie s qf/ TOomoumd tqrra 
japonifa, or catechu, and alsoa^SSn-poci called aivi- 
divi 9 have beeh imported, atfSrccently the ^ramble and 
hop-bine have been used for the same purpose. Va- 
lonia produces a leather of great sslidity and-^feight, 
and of a greyish colour, with much blSom on the 
surface. It is said to resist water better than leather 
made from oak-bark, which is of a light fawn colour. 
Leather made fiom terra japomca is of a dark fawn 
colour, inclining to red; it is light and spungy, and 
not waterproof. In the preparation of thin leathers 
sumari* .is' largely employed. 


PREPARATION OF THICK LEATHER. 

We will now visit the r tan-yard, and trace the 
process of a skin from its raw or grepn state, until it 
is converted into leather. 

When hides are received fresh from the slaughter- 
house, they are first washed in a stream of watery 
the horns are then removed and sold to the 1 comb^ - 
makers; the ears and other projecting portions are 
cut off and sold to ther glue-maker. Imported skins, 
which have been either salted or thoroughly dried 
for the purpose of preservation, require soaking in 
water for about ten or fourteen days. 

The next operation is to get rid of the f hair and 
, scarf sjdn, for which purpose the hides are placed in 
oblorig troughs' or pits, containing lime mifced with 
wafer. In the course of several days the gime dis- 
solves the hair sheath, and combines witlf the fat 
of the hide to form a kind of soap, which i^ tSsily 
wajhe^l off. 
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When it is found that the hair can 1 >q removed, 
the beam-man places thq skin upon a cylindrical 
table called the beam , and by mean* of a large two- 
handled knife scrapes off the hair* leaving what is 
called the grain of the skin. The hair is sold to 
the plasterer for mixing up with mortar. 

The skin being once more washed, it is fleshed; 
that is, the beam-man passes a fle^h-knife over the 
dinner surface, for the purpose of getting rid of the 
cellular tissue And any remaining# portions of fat or 
flesh. # 

The next process is that of abating , or grainering . 
The skins are put into a pit with a solution of dogs’ 
dung ; bbt if this if not to be had in sufficient quan- 
tity, its place is supplied by pigeons’ dung, or by 
that of domestic poultry, or of sea birds. The excess 
of limejis reinovtd by the lithic acid of til? dung ; 
and thqj ammonia* forrfied by the putrefaction ofc the 
mixtur^ forma a s^ap with any remaining fat of the 
hidfc The skin also becomes thinner by a portion 
of the 1 gelatine being dissolved, and if left tgo tong 
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in the mixture it would be reduced to a tender 
jelly-like mass : hence considerable care and judgment 
are /equirefe in regulating this part of therp*ycees. 

The skins are nov again worked <jn the beam, in 
order to get rid of all sliihe, dirt, &c^<tnd a^e after- 
wards ^immersed for twelve hcM^^i a #very weak 
solution of stilphuric acid,^Sned sours , $>r the pur- 
pose of raising or tjiickening the skin ; the only use 
of this process, according to some* is to make the 
leather look thick when completed ; hut ft probably 
assists the entrance of the tan into the pores of the 
skin, and may thus produce better leather, and 
shorten the process of tanning. • 

All these preparatory processes being completed, 
the actual tanning now commences. The tan-yard 
geneipi}^ occupies a large extent of ground, and 
above it are lofts for drying the leather when it is 
tanned. The tan-pits* arc forjned in the 6arth, and 
lined with, deal planks; they are oblong in shape, 
and from six to eight feet ip depth. They are ranged 
in rows side by 1 side, a space being left between 
them for the convenience of ^hc workmen. The oak- 
bark is ground by a mill, attached to the yard, and 
the solution of bark, called ooze, is prepared in pits 
expressly reserved for the purpose. From these 
pits it is drained off into an ooze-well, whence it is^ 
pumped into shoots, and conveyed to any part of thtf^ 
yard. Since ooze ©f various degrees* of strength is 
required, it is sometimes ususjji to employ a kind 
of hydrometer, called a barkometer , for * measuring 
it. The instrument is graduated by the standard 
of pure water, and the ooze is # said to Be strong 
or weak, according^os it rises above or sinks below 
fhg^ wafer-mark. But these 1 indications ' are not 
aTwayfe to be depended on, since die ooze dissolves 
a portion of the gelatine of* the skin, and would 
hence appear to be strong when the tannin hud been 
almost entirely exhausted. The more usual of 

* See Frontispiece. 
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oozfi* is a solution of pure gblatine, such as isinglass, 

which unites .with the tannin, aijd forms a $)ftci- 
pitate^nftre or less dense, according a^the ooze is 
strong gr weak. strength of the ooze is also 

jigged *f wiTll^olerable accuracy by its taste, which 
in strong oozes r^fcia^ly astringent. • *< 

A number of hides Being prepared by the pro- 
cesses already described, they aro placed one by one, 
as opfcn as possible, in pits containing nearly spent 
ooze . Th$se p its arc called handlers , because the 
skins are frequently taken out, and handled in the 
early stages of the process. The tannin begins to 4 
combine .with the gelatine of the Skin immediately 
the two are brouglft into contact, and hence a weak 
ooze is spent in a few hours ; the skins are^therefore 
removed to a pit containing a stronger and 

thus, for the first few weeks, they are shifted daily 
to oozes gradually increasing in strength. They are 
removed from the pits by two men, furnished with 
hooks ; and-are piled up at the side to allow the spent 
ooze to dcain from them. Each pit contains several 
dozen hides, and one o£ the objects of this repeated 
handling , is to ^ensure the equal action of the tannin 
upon all the hides. In the course of a few months they 
are removed to other pits, called layers , where the 
m ooze is nearly saturated, and the strength is main- 
tained by a quantity of ground bark (sometimes of 
valonia) between every two hides. They remain in 
the layers undisturbed during some weeks. 

The time required for tanning hides varies from 
nine to fifteen months; and for skins from three to 
five months. In th$ course of tagning, the whole of 
the skin t or dermis .disappears* by successive for- 
mations of the compound of gelatine and d^nnin,* 
on both aides of thS hide, until all traces of the animal 
substance disappear. * In an early stage a &ick 
whitish line is* se<?n on cutting across a hide : this 
is a^pbrtion of the skin itself; but as the process pro- 
ceeds this also disappears, and the tanner knows that 
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the process is complete. ° The skins are then hung up 
in R>#s to dry, and, once or twice during .{lie drying, 
they are placed upon a cylindrical bench, *hrl& struck 
or smoothed with a Square bar, t the r surface being 
occasionally wetted : the effect of thig^fperateon is to 
produce on the surface a ycllojji^SIfosit called bloom , 
or pitching . This appearanc(fis so much preferred by 
shoemakers, that if it were absent they would, pro- 
bably, refuse to purchase the leather; it is, however, 
of no advantage, but rather the reverse, being in 
fact caused by a portion of* the interior of the hide 
1 dissolved by the saturated ooze, to remove which 
from the interior to the exterior must prove inju- 
rious to the solidity of the leather. W hen the 
dry in sufficiently advanced, the hides are sub- 

mittefP'io the action of a brass roller, about nine 



“ FINISHING ” HIL'Eij, 


inches wide, loaded'witli from fifteen to thirty cwt. 
'Thisjsr called finishing, and when complete, the hides 
arefit for the market. ( 1 

Ir will be seen from these details that tanning is a 
very slow process. Many plans hav\5 bee ^adopted 
for l , hastening it: such as forcing the ooze inlJ8°the 
hide by hydrostatic or atmospheric pressure ; but 


THE LEATHER MANUFACTURE, t 


15 . 


these have # failcd, the leathdt so produced being pro- 
nounced to.be. of inferior quality parts of tli% Bide 
whieh^cPhard not having time to becraie perfectly 
saturate^! witl* tl^p tanning lffjuor, an irregularity 
ir^ the qualitWnf the leather is the result. The 
very obvious mcrute increasing the strength of the 
ooze more # rapidly than' is customary, shortens the 
process, but the leather is hard «and liable to crack. 
The ttune objection applies to warm oozes. The plan 
of employing strong oozes, from the commencement, 
fails, because solutions containing an excess of tannin 
dissolve the skin. Hence the old method continues 1 
to be practised, and to receive the sanction of eminent 
tanners find of scientific men. Sir Humphry Uavv 
states that leather slowly tanned in wpak ooze, 
appears to be better in quality, being JxBli Swftfcr and 
stronger than when the process is hurried by em- 
ploying strong ooze from the first. 

There is, however, a new process for tanning, 
which lias recently excited considerable attention. It 
is by MrfrHerepath of Bristol, who has patented the 
invention. That gentleman is of opinion that the 
great obstruction to rapid tanning is this: — the 
skins retain so much of the weakeried ooze, that 
when placed in a stronger ooze, the latter cannot 
# enter # the pores already saturated with water or very 
*weak ooze, except after weeks or months of macera- 
tion, during which time the exchange is being slowly 
made. In passing •the skims from a weak to a 
stronger ooze they are therefore pressed between 
rollers, a pair of which is erected over each pit. 
The lower roller is. about thirty inches in diameter, 
and is covered with horse-hair (noth; and the upper 
roller, which is loaded, is only about eighteen inches 
in diameter, and f is covered with * woollen cloth. 
For ea^h pit fifty hides are formed into an cnBless 
band, by eewmg them together with twine. Upon 
intf^Sdiyfing this band between the rollers, the bides 
are succcssi^ Jifted/r^m ,the 
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strongly pressed by rollers, and then returned 'Into 
the* pit for^a fresh supply of ooze. .Mr. Ilcrepath 
states, that 'each ooze becomes exhausted fEbSfit *two 
degrees of the barkometer hi .tvrenty-fo#ir liou$s, when 
it is pumped to the next pit of the s. it is s^id 
that by this t process a strong^me maiy be com- 
pletely tanned in six or eigfit weeks, and calf-skins 
and kips (the hides of young cattle) in from twenty 
to thirty days. The thickest liitlci, or butts , dftn by 
this process be prepared within four months of their 
being received in the tanner’s yard ; and the increase 
f in the weight of butt leather, as compared with that 
made in the usual way, is stated to be as 34lbs. 
to 28lbs. * 

The opinions formed of the merits of this process 
are so^$t3ntntdietory, that the writer cannot venture to 
quote from, them. The efficacy of the method must 
be tried by the quality of the leather ; if it be supe- 
rior or even equal to that produced by the old pro- 
cess, the new plan must be regarded as a national 
benefit; but if the leather be hard and brittle, the 
plan will, sooner or later, be*abandoned. 

It is generally the object of the tanner to make 
every hide or skin as heavy as possible, since he sells 
it by weight. The fair average weight of a good skin 
of uncurried leather is half the weight of the gree^ 
hide, and the tanning is not considered successful if^ 
the weight be less. * ** 

Before taking leave of the tan«yard, the writer must 
refer to the heaps of spent bark which form a promi- 
nent feature therein. This refuse matter is applied 
to various uses. 1^ is formed into cakes by pressure 
in iron moulds, and* sold in Lqndon under the name 
t>f turf a s a cheap fuel. It also supplies the place «of 
the more expensive article straw, thrown dovjn in the 
streets of London opposite the house of a sicb person, 
for the purpose of deadening the # noitee of carts and 
carriages. A third use is for the purpose of £ornfing 
hot-be(is ; when collected in a heap, it slowly putrefies, 
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and forms a fine vegetable mould. Most of the pine- 
apples of this country are grown in a qpmpost,*into 
which tim spent bark largely $nters. Xfter it has 
served ite purgSse m the lipt-bed, it is transferred to 
(the farmlr, wh^fij^ls it a useful manure. 


% CUItllYING. 

We will now transfer our skin of leather from the 
tan-yard to the currier’s premises ; where, by a series 1 
of mechanical operations, it will be Transformed into 
a smooth, shining, find pliable skin, adapted to the 
purposes of the shoemaker, the coachnjpker, the 
harnessmaker, &c. We will first traccithe operations 
of the currier upon a tanned calf-skin. 

The skin is first thoroughly soaked in water, in. 
order to make it pliable ; then taken to the beam, and 
shaved on the rough flesh ^ide, whereby its thickness 
is considerably reduced, and the unequal surface 
brought to a tolerably smooth and even one. This is 
one of the mos^ curious and laborious operations of 
currying. 

The beam shewn in the accompanying figure con- 
^Jsts of a strong frame of wood, supporting a stout 
^flank faced with lignum vitae, and made very smooth ; 
this plank can be set at a greater *or less inclination, 
and sometimes it is pernmnentAy fixed in an upright 
position. Tfie knife, which is double-edged, is a stout 
rectangular blade, about twelve inches long by five 
wide ; at one end is a straight hjtndlc, and at the 
other a cross handle, iq, the direction of the plane of 
the* blade. The edge of the knife is brought ruj) by * 
means of *a whetstone, and a w T ire edge is afterwards 
produced^ and constantly preserved by means oi a 
small steel toobnvhrtdi the beam-man always has be- 
tween hjp fingers while using the knife. The skin 
being thrown upon the plank, as in the figurj, the 
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mjan presses his body against the skin* to prevent 
it from slipping^ and holding the knife b^its two 
handles, and nearly perpendicular to the leather, Jnc 



TUT. BEAM M \N. 



shaves off from the thick parts, and, aftci; eveiw 
shaving, passes a fold between his fingers, and thus * 
ascertains the state of the skin with* respect tc ti- 
neas. When sufficiently reduced by jshav' , the 
skin is again thrown into cold water, scoured, and 
extended. For this purpose it is placed upon a 
large stone table, -to which the °flesh side of the wet c 
skin adheres, and is worked* with a tool called the 
stre^dning-iron ; this is a .flat rectangular piecd of 
ir^a, copper, or smooth hard, stone, fixed ii^a handle, 
with the corners rounded off to prevent injury to the 
leather; the workman holds this 'tool with b'jth 
lutnds, and, using plenty of water, scrapes the surface 
with 1 a very strong pressure, especially at those parts 
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where lumps and inequalities appear. By the con- 
tinued action of this tool the leather is extend(jfte)r 
stretched? while at the same time the bloofn is brought 
to the surface. # # • * 

When # the si^nis thoroughly cleansed, and while 
yer in its vet aflfr* distended state, the process of 
stuffing, or dabbing (probably a corruption of daubing ), 
is performed. Botli sides of the skin, but chiefly the 
flesh aide, are smeared or daubed witli a mixture of 


cod-oil and fallow, which is then well rubbed in by 
means of a brush, or a piece of old sheep-skin with 
the wool on. The skin is then hung up in a loft to 
dry; but as the water only evaporates, the greasy 
substances sink deep into the pores of the leather. 


In very moist weather the skins are stove-dried, the 
fuel for the stove consisting of leather shgftfmgs, and 
thus a most nauseous odoflr is diffused over the 


neighbourhood of the Qjiirrier. 

When the skin is sufficiently dry, it is boarded , 
that is, worked witli a*i instrument called the 
pommel. The object of this is to* bring up the 
grain , that is, to give the leather a granular appearance, 
and also to make it supple. The pommel is a piece 
of very hard wood, furnished with a Strap on the 
upper side, for the insertion of the hand,* and grooved 
(like a crimping board), on the under side, which is 
,mnyex. The leather is folded with the grain side in 
contact, and rubbed strongly on tiie flesh side with 
the pommel ; this part yf the process is called graining . 
It is then extended and rubbed on the grain side ; 
this is called braining. The skin is next taken to the 
beam and whitened , tjiat is, the knife is passed lightly 
over it, whereby the flesh side is thoroughly cleaned 
and brought to a fit state for waxing , — a jyocess 
which is -never performed until the skin is reqilired 
for immediate sale ; for, at this part of our his- 
tory, the .currier stores his skins, because they are 


* riencefhc origin of the word pommel, from the French paumtlh^ 
because it clothes the palm of the hand. * 



20 


# ARTS AND MANUFACTURES. •' 

• | 9 * 

brought to that state (technically callejl “ fittished 
riBs^pt”) in whicl| they can be best preserved for any 
length of ^ime. Previous to waxing, fh^shin is 
boarded a second tiific. Tho pa^fc of tljc process 
of waxing consists in laying on Jjfe “ ctlourf^or 
blacking, which is composed of duf lamp-black, and 
tallow ; the colour is rubbed in thoror^hly on the 
flesh side, by means of a hard brush : it is then black- 
sized; that is, a coat of stiff’ size and tallow is 4aid on 
with a soft brush or a sponge, and well iflbbcd with a 
smooth lump of glass called a “ slicker and lastly 
it receives its final gloss from a little thin size laid on 
with a sponge. * The skin of leather now curried is 
called “ black on t lie flesh,” or waxed,” in contra- 
distinction to leather which is curried on the hair or 
grain side/ called “ black on the grain and which is 
chiefly used for the upper leathers of ladies'* shoes ; 
the former, or “ waxed” leather, being employed for 
the upper leathers of men’s boots and shoes. 

The processes for currying leather on the grain 
side are similar to those already described, until wo 
come to the process of scouring. Copperas water, 
that is, sulphate of iron dissolved in clean water, or in 
the water from the tank in which the skins have been 
soaked, is applied to the grain side of the skin while 
wet. The iron unites with the gallic acid of the tan, 
and thus produces an ink dye ; the skin is then rubb&l 
over with a brush dipped in stale urine, and when this 
is dry the stuffing is applied ; *it is rubbed over with 
copperas water on the grain side until itds perfectly 
black. The grain is then raised, and when quite 
dry, the skin is whitened, bruisqd again, and grained 
in two or three ways ; a mixture of oil and tallow 
is tlit£i applied to the grain side, and the currying 
process is complete. - » 
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PREPARATION OF TtllN LEATHER. 


In. afjiitipn to the tan-yard, pr&perly. so cdled, 
where the thickest an^ hugest askins of leather are 
made, tl^pre a& other establishments which con- 
tribute extensiveSjMx) the immense demand for thin 
leathers; such as white and dyed leather for gloves, 
morocco of various colours and qualities for coach- 
linings book-bindijig, pocket-books, &c., being an 
imitation o€ that prepared in Morocco, and other 
parts of North Africa; roan for slippers, &c. ; a 
thin leather called skiver, used for hat-linings, and an 
infinite number of other purposes ; and, lastly, shamoy , 
or wash -leather. # 

Of all these varieties, white leather alone is not 
tanned, but tawed. The difference between the two 
processes is, ifchat the gelatine of the skin is com- 
bined with tannin in tjje one ease ; and in the other, 
with something which it imbibes from alum and salt, 
probably aluniinc. But, Jor either process, certain 
preparations arc necessary, whereby hair, wool, 
grease, &c., are removed^ and the skin, thoroughly 
cleansed, is reduced to the state of simple membrane, 
called pelt. • 

The preparatory steps vary, according as the skin 
is covered with wool, or short hair ;. the one being a 
jjJaluabic commodity, and the other comparatively 
worthless, its chief use being by tli£ bricklayer to mix 
with mortar. Tne hair of kid # and goat skins, &c., is 
therefore detached by immersing the skins i$ lime, as 
already described ; but as this plan would injure the 
wool, a different method is adopted. The wool is 
usually detached fidfri sA^-skinsAefore they arrive 
at Jhe tawers. This ift done by the great dealers in # 
sheep-skins, who ar* called fell-mongers ; they Pefceive 
the skinsjfrom certain factors, or salesmen, in the ^in- 
market, by wjion^ they are procured from the 
butters. The lamb-skins of Italy are imported, in 
casks with the wool on, so that the tawer adppts a* 
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process for removing ifr similar to that employed by 
tlf^ ^ell-monger. They are first cleansed in water, 
and then scraped on the flesh side. ThfcySire* then 
hung up in considerable* numbers, i,n a close, dark, 
warm room, where they ftre sweated ^ -thatris, putre- 
factive fermentation soon commdCfces, thick filthy 
slime appears on tlic surface, and the effect of this 
is so to loosen the wool, that it can be pulled off 
easily. Much care and judgment are required in 
regulating the fermentation of the skins, <So that their 
texture be not destroyed. AVhen the wool is removed, 
the fatty matters are got rid of by the powerf ul force 
of a hydraulic fJress ; a large number of skins being 
piled up, a considerable quantity of fat is expressed; 
this is afterwards sold to the tallow-chandler. The 
skins are ihen worked at the beam ; projecting flaps 
and rough edges arc pared off for the glue-maker, and 
putrefaction is arrested by immersion in Time, for a 
space \arying from two to six weeks. They arc first 
put into a nearly exhausted lime-pit, and afterwards 
into a stronger one, and are frequently worked about 
with poles. When taken *mt they arc well worked 
at the beam, the object being to get rid of a portion 
of the lime ; and this is more completely effected by 
immersion in a fermenting mixture of dogs’ or 
pigeons’ dung, if the skins are to be tanned, and of 
bran and water if they are to be tawed, the acid of 
which unites witluthc lime, and further purifies and 
softens the skins. During tl*e time that the skins 
remain in this mixture, they arc occasionally taken 
out and worked at the beam, and are lastly washed 
in pure water, liy such meang the pelt “becomes a 
thin extensible wfritc membrane, and is fit for tan - 
* ning, tawing , dying, oil-dressing, or shamoying. » A 
brief notice of each of these operations will serve to 
coilVcy some idea of the extent and imptHance of 
the manufacture of thin leathers. 
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TANNING WITH SUMACH. 

• 

The substance used in tanning* goat, and fltHer 
thin * skins, *is sumach v or the leaves, leffe-stalks, and 
young branch (is of the. Rhus coriaria , and Rhus 
cotinus, shrubs w^ich grow in Hungary, the Bannat, 
and the Illjarian provinces. They contain much tan- 
nin, and a umall quantity of a delicate yellow colour- 
ing matter. It is said that all the leather made in 
Turkfy is tanned* with the bark of the Rhus coriaria . 

When g^)at-skins arc tanned with sumach, and 
then dyed on the grain side, they form what is called 
morocco leather ; but an inferior morocco is prepared • 
from sheep-skin. When the skins are in the state of 
perfectly clean white pelt, each skin is sewn by its 
edges, into the form of a bag, the grain side out ; it 
is then distended with air, and a mordatflTof tin, or 
alum, is applied. The object of forming the skins 
into bags is two-fold, Mrst, to economize the dye stutfs, 
(some of which are costly,) by dying the skins on one 
side only ; and, secondly, to ensure a perfectly equable 
action of 4 he dye, and also of the solution of sumach. 
]f the colour is to lie red, the skins are immersed in a 
warm cochineal hath ; indigo is used for blue ; orchil 
for purple, &c. ; and they are worked by hand until 
uniformly dyed. For other colours the pelt is 
Janncjl before dying. The sumaehing is conducted 
a large tub, containing a weak and warm solu- 
tion of sumach* A stronger solution is made in 
another vessel, and n portion of this, together with 
some sunflich leaves, is poured into the? bag, by 
means of s a funnel, through an opening left for the 
purpose. This , is ^diluted within quantity of the 
nearly spent solution in the vftt ; each skin, after 
having received its share of the tanning liquid, in 
handed to a man/ who blows into it, and full\ dis- 
tends il; he then ties up the opening, and tmows 
the skin into the 4at. About fifty skins are treated 
in this /nanner ; they all float in the surnach-tub, f and 




are moved about by manual laftour, or by machinery, 
during three hours. They are then taken out, and 
piled on a sloping shelf by the side of the vat, the 
mutual pressure thus produced causing tlfe sumach 
to escape slowly through the' pores of the pelt. The 
bags are being constantly shifted by a man, who 
watches whether the solution escapes from the* 
seams : if so, he secures them by a few stitches. They 
a$3 next transferred to a second vat, containing a 
stronger solution than the first ; and here they remain" 
about nine hours, at the end of which time the 
tanning is complete. The skins are rigped open, 
rinsed, and drained. The colour of the fine red 
skins is finished in a weak bath of saffron ; and, 
lastly, all the skins/' t of whatever colour, are stretched 
upon a smooth sloping board, and struck 9 — that is, 
scrapad" and rubbed out, until th*ey become smooth 
and /lat. Sometimes they are sponged on t^je grain 
side with linseed oil, in order to nromote their glos- 
siness in the subsequent process oi* currying.* 

The skins are then removed to a loft, and dried. 
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In dfying # thcy assume a horny texture, and are 
said to he in the crust After this conges the •pro- 
cess of curfying, or finishing. ^The skinfe are again 
placed upon the smooth •sloping board, and rubbed 
several tkncs wkjj^the pommel, and also with a glass 
ball, cut with smooth sides upon its. surface; this 
polishes tli *m, and makes them lirm and compact. 



“ finishing M thin leathers 


The grained, or ribbed appearance, peculiar to 
morocco leather, is imparted by a ball of box-wood, 
round tlic circumference of which are cut a number 
of narrow ridges. This is passed many times over 
, die skin with a firr pressure, and its effect is not 
only to improve^the surface of the skin, but also to 
add to its pliability and softness. 

The preparation of an imitation morocco from 
sheep-skins, does not differ essentially from the pro- 
cesses jus? describecl; but there is one remarkable 
„ process applied to sheep-skins, which must be noticed. 
When they are in the state of pelt, they are split ;* that 
is, every skin is divided into two skins of the &ime 
size, but^of course, of only half the thickness of The 
pelt. Tips is affected by means of a very beautiful 
machine called the “ skin-splitting machine . 71 *It 
consists of two rollers, the lower one of solich gun- 
( 3 ) B % 
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metal, and the upper one composed of rings of the 
aafti^ material; these cylinders are made to move 
slowly in opposite directions ; and bet* eSi them, 
but not in contact, ft a linife, w ( ith p, sharp cutting 



SK TX-Sl’LlTTI'S Gr MACHINE 

edge, to which a raj)id reciprocating motion is im- 
parted. In order to split a skin, a man stands on 
the side of the machine, opposite to the knife edge, 
and, upon the lower or solid roller, spreads evenly 
the end of a slrii^ or pelt ; it is caught up by the 
rollers, and dragged forward against the edge of the 
knife, by which it is divided ; ‘one half going above, 
and the other below the plane of the blade. During 
the whole of the operation the man continues to 
adjust the skin u^on the lower roller, the smooth 
solid surface of which gives support and stability to 
the S'kfin, while the upper roller* being composed of 
movable rings, adjusts itself to any unevenness of 
the membrane. In parts where it is thin, the rings 
arq depressed; where it is thick* they are 'elevated ; 
hencc ( no part escapes the action of the knift, and no 
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liolcs are ^roduceft in cither half. The men are fur- 
nished w&h gloves, to prfivent their fingers being 
caught jjp. by the rollers. About two minute^ arc 
occupied fh splitting # a shcep-s^in, durmg which time 
the knife is moved to* and fro 'nearly three thousand 
times. •Wlicn^rec or four of these machines are 
at work intone room, the noise is deafening. 

In ordeifto show the precision with which this beauti- 
ful machine works, sheep-skins have been split into 
thref parts of eqtial size ; the grain side being used 
for skiver, *&c. ; the middle for making parchment; 
while the flesh side was transferred to the glue-maker. 
The divided skins, or skivers, are sumached in a shorn 
time, their thinness rendering the sewing up into 
bags unnecessary. * 


TAWING. 

Tite preservation t)f an animal skin, by means of 
alum and salt, is called t airing ; and ihe object is to 
employ such materials ne will not interfere with the 
production of a pure white leather. In all the finer 
kinds of leather-dressing, the perfect purity of the 
pelt is of the ptmost importance, for without it the 
subsequent operations would be thrown away; every 
particle of dirt, or lime, which is allowed to remain, 
^appearing as a speck or a flaw. The purity of the 
'water used for rinsing the skins, is also a point of 
great importance. At Messrs. •Bevington’s manu- 
factory (which the writer was permitted to inspect) 
a sufficient supply of distilled water is obtained from 
the boiler to the steam-engine, which is made larger 
than usual for this ^express purpqpc. 

Kid-skins, for the best kid-leather, and sheep, or 
latob-skins, for an inferior sort, being reduce^ to th® 
state of pelt, the first process in tawing, is to “give 
them a Weeding” with alum and salt. About three 
pounds *>f alum, and four of salt, are used to one 
hufldrcd and twenty middle-sized skins. The efblu- 
b 2 * 
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tion, together with the skins, is put into r drum, or 
tumbler, to which a rapid motion is imparted. The 



action of the alum and salt upon the skins is not 
well-known, but it is supposed that alumine and 
gelatine form some definite compound, and that the 
salt serves to* whiten the skins. After some time 
they arc taken out, washed in water, and then put 
into bran and water, where they are allowed to fer- 
ment, till the superfluous alum and salt are removed, 
and the thickness produced by them is reduced. 
They arc next transferred to the drying loft, stretched 
on hooks, and allowed to remain till fully dry. They 
now form a white, tough, brittle leather; but the glossy 
finish and softness yf kid is imported by a dressing, 
composed of twenty 'pounds of $he finest wheat flour, 
and the yolks of eight dozen ej^gs.* This paste, 

* TJ^is egg- dressing is indispensable in the preparation of white 
lamb and kid-leather. The eggs used for the purpose aril imported 
from France and Flanders ; and at the tinr\e of the writer’s visit to 
Messrs. Bevington’s factory, they had a stock of 60,000 eggs pickled 
in salt, which preserves them admirably. 
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diluted with water, is put into a drum, and the sjdns 
are mgjto^to rotate therein, when thej^so completely 
imbibe the cgg-liqu®r, that scarcely anything more 
than waiter rtSnaifts. * Tins dressing is generally re- 
lated before tbe skins are hung up to dry. But 
the softnefcs and elasticity yet remain to be given. 
The skins arc dipped into pure water, and allowed 
to i^main for a few minutes ; ftiey are then spread 
out, and forked upon a board, and staked upon the 
stretching or softening iron. This is an iron plate. 



“STAKING " TAWED LEATHER. 


roundcct over at the edge, mounted upon an upright 
beam, and fixed td a heavy plank, well secured in the 
floor. By these processes the skins are considerably 
extended in length, and all hard points an^ f rough- 
nesses removed. They arc finally smoothed ^ith a 
hot irdn, and are then ready for the glover. 
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DRESSING IN OIL, 

Consists in first soaking the skin ig writer, and then, 
by continued hard rubbing, forcing (jjl or grefise into 
its pores. As^tJie water evaporates, the wily matter 
combines in some way with the fibres oil the skin ; 
renders it permanently soft, and by keeping out the 
water prevents it from decay. • • 

A process of this kind was formerly apjflicd to the 
skin of the Chamois goat, and hence arose the term 
thamois , shammy , or shamoyeJ, as applied to the leather 
itself, and shamoyhig to the process. As this is the 
only kind of leather which, whert dyed, will bear 
washing without the colour being materially injured, 
it is also caTtbd -leather. 

Wash-leather is prepared, in this country , from 
doc’s or shcep’s-skin : and for tli% inferior kinds, the 
flesh side of sheep’ s-skin, as obtained from the split 
hide, is employed ; the other kalf, or grain side, being 
tawed for skiver-leather. Indeed, it is common 
always to get rid of the grain before a skin is slia- 
moyed ; because, by doing so, the extensibility and 
softness of the* skin are much increased. The grain 
is removed by an operation called frizing ; that is, 
one end of the skin is wrapped over a pole, the grain 
side uppermost, and then the whole surface is scraped 
with a round knife, ftr with pumice-stone. 

The grain being removed, the skins are placed in 
some bran* litjuor, and then wrung out ; “they are 
afterwards spread upon a table, sprinkled # slightly 
with oil, and folded^, up in balls pf* four each, and 
beaten by a number of heavy wooden hammers in the 
fulling slacks. The heads of the hammers arc covered 
with copper, and they work in a kind of trough, in 
‘ whiclr the skins are placed. * After having been 
beaten for two or three hours, according to th^ir tex- 
ture \md the state of the weather, they are tak^n oflt, 
exposed *to the air, oiled and fulled several times. 
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until all appearance of gr^asiness Has disappeared 
They are next lmng up in a warm room, when a kind 
of ferm At^tion takes place, which \>pc^s the pares of 
the skin and promotes the combination of the oil. 
They afe then* scraped tv 2th a blunt concave knife, 
f&d scoured in a* weak warm jx>tasli lye, in order to 
get rid of llic uncombincd oil. Having been washed 
in water, they are gently dried, smoothed, and made 
suppje by the stretcher iron, or by passing them be- 
tween rollqps. 


STATISTICS OF LEATHER. 1 

In the year 182K), the duty on leather was wholly 
repealed; so that there are now no means of ascer- 
taining the quantity produced in any* one year. 
The yearly production, on^in average of three years, 
ending in 1822, wai 48,244,026 pounds. In this 
year the duty was diminished from 3d. to IJd. per 
pound ; and the a veraga production of the next three 
years shewed an increase of 30 percent. The repeal 
of the duty and the increase in population have, 
doubtless, increased the consumption of leather to an 
equal, if not greater, extent. It has been calculated 
that the annual production, at this time, is about 
^82,000,000 pounds; the value of -which, taking one 
quality with another, at Is, 4 d, per pound, amounts 
to 5,466,000/. % It is supposed iJhat the value of the 
leather forms only Qne-thir&of the finished articles, 
so that the ultimate value of the manufacture, in 
Great Britain alone, must be 16,400,000/. Some 
estimates are even higher than this, and make the 
aggregate value of leather goods £o exceed 21,000,000/. 
per annum. “ Nor will this amount appear excessive*” 
says Mr. MfCullobh, “ if we consider that*tfiere is 
only a>very small proportion of the people, however 
poor they may be* who do not wear leather shoes or 
boots ;/that the use of leather gloves is general among 
all but the labouring classes ; and that the hnrness of 
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horses used for 45 pleasure, as well ^is thos4 used for 
agricultural and other Ifusiness operations, is made 
witSi £his material* besides an endless variety things 
in daily use,* Hvhich will suggest themselves to ctery 
one’s mind.” * • * • • • 

Some idea of the importance of fcjie leather manu- 
facture may be, formed by considering the Talue of the 
shoes annually manufactured. It is generally supposed 
that the expenditure upon shoes may be taken, at an 
average of the whole population, at 1%. per annum for 
each individual, young and old, which, supposing the 
population to amount to nineteen millions, would give 
*9,500,000/. for the value of shoes only; but taking the 
value of shoes at only 6d. each individual, it gives 
8,075,000/. for the amount. It has been supposed 
that the value of saddlery, harness, gloves, &c., is, at 
least, equal 4, to that of shoes; but this estimate is 
thought to be too high. 

The leather manufacture dofcs not seem to exert 
any injurious action on the health of those engaged in 
it. Tanners are exposed *to disagreeable odours, 
arising from putrefying skins combined with^the smell 
of lime, or of putrid substances used in dressing them. 
The smell of the tan-pits is penetrating, but not by 
any means unwholesome ; the men do not seem 
to suffer from any of these causes ; and, although 
constantly exposed to wet and cold, they are robust* 
and disease is almost unknown among them. 

In consequence of the odours diffusa*! by tan-yards, 
they are generally situated at the outskirts. of a town. 
During a long period, Bermondsey was the principal 
seat of the leather manufacture in England, on account 
of the Thames tide-streams affording an abundant 
supply of water. Although thf, Bermondsey manu- 
factures , are more extensive than qycr, tan-yards are 
. established near most of the towns of this country. 

Ciilriers and leather-dressers sometimes suffer from 
the bent posture required by their ‘work : thia affects 
the head ; but otherwise they are exposed to no inju- 
rious agfcnt. 
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MANUFACTURE OF PARCHMENT. 


The preparation of parchment from the skins of 
animals is closely connected with the manufacture of 
leather, and therefore requires to l>e noticed in this^ 
place. 

Parchment derives its name from Per gamut, an 
ancient city of Mysia, where it is said to have been 
invented by Eurnencs II.,. king of that place, (who 
reigned b.c. 197 — 159,) in consequence of the pro- 
hibition, by Ptolemy Epiphanes, lo export papyrus 
from Egypt. It is, however, nearly certain that the 
invention must be referred to an* earlier date, and 
that EunTenes was only an improver, or the patron of 
some improvements, in fhe manufacture at Pergamus. 

As soon as men laid invented written characters, 
they would naturally seek alter the means of pre- 
serving some record of their most important trans- 
metiofis. Memorials of stone and of metal were long 
used for solemn occasions, while tables of wood were 
in more familiarise ; leaves of trees and the inner bark 
were conve»ient substitutes for leather ; but, perhaps, 
the most useful material was animal skin or membrane, 
which seems to hav e been used at a very remote period, 

Some kind of sfnimal mcmbpanc, or parchment, 
seems to be indicated* in the “ great roll” which the 
Lord commanded the prophet Isaiah, to writ# if with" 
a man’s pen,” (Isa. viii. 1,) and also the tc roll\of a 
book” in which Jeremiah wrote the words of the 
Lord, arfd which was cut with a pen- knife and gast 
into the fire, piece by piece, by Jehoiakim, l$ing of 
Judah, as it was read in his presence, (Jer. xxxviy2. 



34 


ar/s and manufactures. 

22, g3), and a hook described by Ezekiek as being 
written withisv and without with u mournijjgfcJamen- 
tations, and woe.” (Ez^k. ii. 9.)' 

The ancient Persians are said to'haVfe written their 
records upon skins, and it is known that the *Ioniari£ 
employed the skins of sheep and goats for t^riting on, 
at a very remote period, understood to be many 
centuries before the time of Eumenes. The antiquity 
of parchment as a material on which the IJoly Scrip- 
tures were transcribed, is shown also by ail interesting 
discovery of the late Dr. Buchanan, who found in 
the record -chest of the Black Jews at Malabar, an 
Indian copy of the Pentateuch, written on a roll of 
goats’ skins, dyed red. This ancient and beautiful 
manuscript -was discovered in 1806, and is now depo- 
sited in the public library at Cambridge. The roll 
measures forty-eight feet in length by twenty-two 
inches in breadth. The book of Leviticus, and the 
greater part of the book of Deuteronomy are want- 
ing ; and it appears, from calculation, that the original 
roll measured not less than ninety feet. IiT its pre- 
sent condition it consists of thirty-seven skins, with 
one hundred and seventeen columns of perfectly clear 
and legible writing. 

Although the word roll occurs several times in the 
Holy Scriptures, the word parchment is not mentioned 
more than once. (See 2 Tim. iv. 13.) The word 
in the original Greek, however, is membrane ; and it 
is stated that the name Perga mena was not used until 
several centuries after the death of Eumenes. 

We are not clearly informed of the ancient method 
of preparing parchiHent. In the'' seventh century it 
seems nearly to have superseded the use of papyrus, 
and ako to have been used for .strengthening and 
supporting written leaves of that fragile material. 
About the eleventh century the manufacture degene- 
rate^, from the circumstance, it is supposed, of writers 
^reparipg their own parchment. This practice is 
recommended by Hildebert, archbishop of Tours, 



THE PARCHMENT MANUFACTURE. 35 

t • • 

(born in J054,) who, in a •sermon on the “Book of 
Life,” jvhich he recommends his* hearers to ptttain, . 
says — “ l9o you kno.w what a writer cFoes ? He first 
cleanses his jmrchmeilt *fit)m the grease, and takes off 
*tlie principal part of the dirt ; then he entirely rubs 
off the hair and fibres with pumice-§tone : if he did 
not do s</ the letters written upon it would not be 
good, nor would they last long. • He then rules lines 
that the writingTmay be straight. All these things you 
ought to So, if you wish to possess the book which I 
have been displaying to you.” About this period 
parchment was a very costly material, and hence 
arose the practice of paring or washing off the con-* 
tents of an olddt manuscript for the sake of the 
material. Thus, many a beautiful poem or valuable 
history has been sacrificed to make way for a monkish 
legend; but ingenious and learned men having dis- 
covered means for deciphering the original writing, 
many valuable old classic productions have thus been 
preserved to the wofld. An qld French writer, 
speaking on this subject, says: — “ Some parchment 
has been restored three or four times, and has succes- 
sively received the verses of Virgil, the controversies 
of the Arians, the decrees against the books of 
Aristotle, and, finally, the books of Aristotle them- 
■ selves. Parchment is like an easy man, who is always 
of the same opinion as the last speaker.” The practice 
of using parchment many time* over was so common 
in the fourteenth and fifteenth centuries, that the 
diploma of the Imperial Notary of Germany expressly 
prohibited the use of scraped vellum in drawing deeds. 

The invention *of paper, in ^rcat measure, super- 
seded the more costly vellum or parchment, although 
"this substance w^s frequently used in printing. Hr. 
Dibdin states that almost all the known work^ before j 
1462 are printed upon vellum ; the Psalters of 1457 
and 1459 art; upfcn vellum ; and that of the Bible of 
1 462/ More copies have been described upon \*ellum 
than upon paper. 1 
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PREPARATION OF THE SKINS. 

Dr. uDibdiNj . in his Bibliographical Bec^neron, 
quotes a littlie book of> Arts and Trades, which ap- 
peared at Frankfort in 1568, 12mo, with cuts, in 
which the parchment-makcr is seen at work with#" 
tools and apparatus closely resembling tho^e now in 
use ; so that the processes about to be described have, 
probably, been followed during many centuries. 

The skin of almost every animal is capable of being 
made into parchment ; but that of the sheep or the she- 
goat is usually preferred. The finer kind of parch- 
ment, called rellum k is made from the skins of calves, 
kids, and dead-born lambs; the stout parchment, used 
for drum-heads, is made from the skins of asses, calves, 
or wolves, preference being given to the latter ; the 
parchment of battledores is from asses’ skin ; and for 
sieves, the skin of the lie-goat is preferred. 

These skins are all prepared ill the same way, or 
nearly so. Wool, hair, and fatty matters arc got rid 
of by some of the processes which have been already 
described, and, when thoroughly cleansed, the skills arc 

stretched in such a way 
as to prevout puckering, 
and to admit of their 
being easily worked. 
For this purpose a stout • 
wooden frame, called a 
herse, is 'employed. It 
consists of four bars, 
perforated with a num- 
ber of holes, in* each of 
which is a wooden peg, 
whkh works in the same 
manner as the peg of a 
violin or a guitar. In 
order properly to stretch 
the skin, a number of 
pieces of twine a*e tied 
firmly to its edges, and, 



TII£ HERSE 



37 


T1IE PARCHMENT MANUFACTURE. 

to prevent tjiem from slipping when the skin is 
strained tightly, each string is tied roruid a small 
or hall, formed by rolling up a ghred of skin, and 
wrapping this intt a small fold at the side of the skin 
whMi is to t)e strained. Sometimes skewers of several 
sizes are used a these are stuck into the edges of the 
Skin, and the string is then firmly secured to them. 
The other extremity of each string is next passed 
through* a hole in th*e side of the peg, and in turning 
this the string is wound round it, and thus the skin 
is gradually and equally strained. The pegs arc first 
turned by hand, and 
afterwards with a 
key. The greatest 
possible care is re- 
quired to prevent 
the formation of 
wrinkles. 

The skin being 
properly strained, the 
herse is set ilp against 
the wall, and the 
skinner proceeds, to 
scrape the surface 
with a semicircular 
doable wedged knife, 

•attached to a double 
wooden handle. Thi is sometim es* called a half-moon 
knife. The skinner uses this ktiifc with both hands, 
and pressing'tlie edge against 
^the skin, shaves off all fieshy 
substances. He nc turns 
the herse so as to expose the 
grain side of the skin, and 
passes the knife over cyery 
portion of it. By this means 
dirt, slim*, and a considerable 
quantity f of water, arc re- 
moved. IIALF-MOON KNIFE. 
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The next process i5 grinding . The W3kin is placed . 
upon trestles, and sprinkled on the fles^ side with 
finely ptnvdered ^?halk or, slaked lime, and then 
rubbed in all directions' with a <flat «urfacc^of pumice- 
stone. The grain side of the skin is nfixt ground, 
but without the addition of chalk or lii^ie. The knife 
is again passed over the skin, and the scouring with 
chalk and pumicte-stone is repeated. This scraping 
with the knife is called draining* and serves tS whiten 
the skin. The skinner then rubs fine chalk over both 



sides of the skinSvith a piece of iamb-skin that has 
the w r ool on : this makes the skin smoother, and gives 
it a white down or nap, but great care must be 
taken not to scratch the surface. The skin is then 
removed to a covered shed to dry. In warm weather c 
a moist cloth is occasionally applied to it, and the 
pegs^are tightened. When perfectly dry, it is well 
rujrbed with the woolly sidg of a lamb-skin, in order 
to get rid of the chalk. If any greasy maftcr should 
now be detected in the parchmcrft, the skin is removed 
from the herse, and again steeped in the lftne-pit for 
several days; but if the result is satisfactory, the 

f ( 
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/skin id' removed from the fratnc by cutting it all 
. round. $ ■ • § • 

The skin 9 is then .passed tg the J>archment- 
maker , whft stretohes *it llpoil a machine called the 
summer, wHich is nothing more than a calf-skin 
mounted upoy a frame. The tail of the skin being 
placed downwards, the parchment-maker then takes a 
sharp circular knife, and passes it over the outer surface, 
in an oblique downward direction, paring oft* about half 
of its thickness, and leaving it perfectly smooth ; this 
is an operation requiring great flexibility of the 
wrist and considerable skill. The skin is scraped on 
the grain side only, and any lemainmg roughness 
is removed by rubbiftg with pumice-stone upon a 
kind of form or bench, covered with parchment, and 
shifted with flock ; this process leaves the parchment 
fit. for writing on. If any small holes appear in the 
skin, they are stopped b£ cutt ing the edges thin, and 
pasting on small pieces of parchment with gum water. 

Parchment is coloured 'green forjbinding. The 
following is a common method of imparting the 
colour: — In 500 parts of "distilled water are hoiled 
eight of cream of tartar, and thirty of crystallized 
verdigris ; when tin* solution is cold, four parts of 
nitric acid arc added. The parchment is first 
moistened with a brush, and the colour then spread 
'evenly over the surface. Polish is given by white of 
egg or mucilage of gum arabic. • 
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Glue is a preparation of gelatine iii a dry state, 
and is made from the refuse of the leather-dresser 
and the parchment-maker. All the projecting flaps, 
the roundings, scrapings, and cuttings of skins, any- 
thing, in short, that contains, gelatine, may be em- 
ployed in the manufacture of glue- The following 
account of the process is chiefly derived from a visit 
• to the works of Mr. Alfred Bevington, of Ber- 
mondsey, who has kindly permitted §kctchcs of his 
machinery t8 be taken. 

On receiving the refuse material from the leather- 
dresser, the first process is to make it clean and to get 
rid of matters which do not afford glue ; the pieces 
are, therefore, immersed in a lime-pit, and when suf- 
ficiently* steeped they are placed in baskets, and rinsed 
m a stream of water, and then placed on hurdles to 
dry. Whatever lime remains is concerted into chalk 
by exposure to the air ; and altlfough lime would be 
injurious to the after processes, yet the presence of 
$ minute portion of chalk is immaterial. 

The gelatine is extracted from tlffc pieces by boil- 
ing. . For this purpose»they are placed in a rope 
cloth, which is spread open within $ large Jjpn 
cauldron; jl light framing.of iron is contained witSin 
the cauldron to prevent the cloth from sticking to 
its sides. /Water is then added, which is gradually 
brought to*the boiling point ; as the animal substances 
sink, fresh quantities are added, the whole being 
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occasionally stirred up and pressed down wifh poles* 
‘4s the boiling proceeds, portions of the ^gelatine are 
taken out and seaside to cpol, and wlfen, on cooling,' 
a clear mass of jelly is produced, tfee boiling is judged 
to be complete. The ends of the bag fire brought 
together by means of cords, and b j giving motion to a 
the machinery over the cauldron the bag is slowly 
lifted out of it ;• the gelatine drains off, and this is 
further assisted by causing a portion of the bsfg to coil 
round the beam as shewn in the frofftispiecc. The 
solution of gelatine in the cauldron can, if necessary, 
be further evaporated by continuing to apply heat. 
The contents of the bag are boiled a second and a 
third time for making size, afid when the solutions 
are too weak to produce either glue or size, they can 
be economically used instead of water. When no- 
thing more can be extracted the refuse is sold to the 
manure-dealer. f ' 



CUTTING OUT AND DISTRIBUTING THU GLUE., 


When the glue is tliick enough it is : drawn off* 
into a vessel called a settling-back, and maintained 
at the temperature necessary to keep it liquid. 
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Here the solution deposits its solid impurities, and 
is further clarified by the addition of substances 
which vary ^according to the skill 01; judgment oft 
the manufacturer. The glue is next rift .off info 
wooden coders, wliicl* are about six feet, long, one 
foot%broad, *and two feet deep, where, as it cools, 
it gradually hardens into a tolerably firm jelly. It is 
then cut out by a spade into square cakes, each of 
which is placed in a sort of woodtm box, open in 
several dlits or divisions to the back ; the glue is cut 
into slices by {Hissing a brass wire, attached to a kind 
of bow, along the slits. The slices thus formed are 
placed upon nets stretched in wooden frames, and 
removed to the gluc-insikcr’s field. 



UIJUIS-MAKER's JFIET.U AT BERMONDSEY. 


# The frames, as they are filled, are placed in piles 
with an interval between every t\w frames, so that 
the air may have free access to them. Each pile 
is covered with a roof to protect it from jhe 
weather. The glue is tinned two or three timc\ a 
day, for which purpose the roof is removed, and the 
uppermost, framtf placed on the ground. The cakes 
being turned one by one, a second frame is placed ypofl 
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the first, and the cakes on it i lrned iu like manner , 
this goes on until a rew pile is formed ncai the spot 
t where the one stood. . ^ 

* The drying of the glue is the mc^t* anxious and 
uncertain part of the n manufacture. A. material 
change in the weather may greatly injure it. If the 
air becomes very warm, the cakes may become so soft ' 
as to lose all shape, or they may even 'unite with the 
strings, so as not to be removed without dipping 
the net in boiling water; or they may even-melt en- / 
tirely, and flow out of the frames. On the other hand, 
a sudden frost may freeze the water in the glue and 
cause it to crack in all directions, rendering re-melt- 
ing necessary. A thunder-storm sometimes prevents 
a whole field of glue from hardening; a fog will 
sometimes cause a general mouldiness ; a wind too 
hot or too dry, by making it dry too rapidly, may 
render it unsightly and unfit for the market. lienee, 
it is important to select the most temperate season 
of the year for the manufacture. 

When the glue is about three parts dry it is re- 
moved from tne open air into lofts, \vhcre in the 
course of some weeks o£ months the solidifying is 
completed. During this time the surfaces become 
mouldy and otherwise soiled, they are therefore 

scoured with a scrub- 
bing-brush in.^ hot 
water, and set up to 
drain ; and lastly, 
dried in the stove- 
room at an elevated 
temperature, which, 
when tliey arc onc^ 

* solid, only serves to 
harden and improve 
st’omiKo. them. 

Griue is usually judged of by its strong dark colour 
and freedom from cloudy and black spots^ when held 
before the light. The best glue swells considerably, 
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but* without meltingf on immersion in* cold water, 
•and renews i^s former size ami properties by dry- 
ing. In Halting glue for use, it should be broken 
into small pieces, soaked for twgnty-foifi* .hours m 
cold watei^ and then melted, very slowly, over a fire, 
keying it frequently stirred ; when prepared in this 
way, it becomes, when cold, a firm jelly, which re- 
quires only a little warming to fit it for use. If 
spread over wood with a stiff brush, pieces thus 
joined, •will, in twcf or three days, be so perfectly 
connected, tlAt they will as readily break in any 
other part as at the junction. Glue must not be 
used in a freezing temperature. 

Other kinds of glue are prepared *for particular 
purposes. Fish-glue* also called isinglass and icht/iy - 
ocolla , is prepared from the skins and mucilaginous 
parts of fish. A strong compound glue is made by 
infusing during twenty -four hours common glue in 
small pieces with isingkss in a sufficient quantity 
of spirits of wine to cover the mixture. Ileat is then 
cautiously applied, and, when melted, a quantity of* 
powdered dlialk is added, until the Vhole is of an 
opaque white. A strong glue, which will resist water, 
may also be madq by adding half a pound of common 
isinglass to two quarts of skimmed milk, and eva- 
porating the mixture to a proper consistence. 
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fllE MANUFACTURE OF COTTON YARN. 

Part II. 

The locality of a manufacture is usually determined 
l>y the facility with which watcr-po^er, fuel, and 
iron can be obtained ;• for, where they are abundant, 
machinery can be made and put in motion at small 
cost : and, in this respect, many parts of Lancashire 
and its neighbourhood are highly favoured. There 
is perhaps no spot of ground in the world more 
. advantageously situated for manufactures than the 
tract lying between the Kibble and the Mersey. 
The neighbouring hills pour down a dumber of rapid 
streams, which furnish watar-power to many hundred 
mills, feed navigable canals, supply water for scouring, 
bleaching, printing, dyeing, and other* processes. 
The river Irwell is said to be 66 the hardest worked 
l ivejLi^the universe for, besides washing, bleaching, 
dyeing, &c., it is calculated to move, with its tribu- 
taries, not fewer than three hundred water-wheels, 
some of which are of very large osize. South Lanca- 
shire is rich - in coal fields, which are workpd with 
great ease ap.d economy ; the neighbouring counties 
Turnish abundance of iron ; the ^reat sea-port of 
Liverpool supplies tin! raw material, and exports the 
bcaiftiful fabrics prodijcecl in this industrious district.* 

Here it is that the cotton factories are principally 
situated,— *those stupendous buildings which fill the 

* A considerable (fuantily of manufactured cotton goods is also 
exported from the ports of London, Hull, Bristol, and Newcastle-upoifr- 
Tyne. t 

(6) a 2 
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mind with astonishment, until their internal arrange- 
ments are inspected and understood, and then with 
adlbiration #and delight. Whether the power be 
steam or water, thS plan of «th^ budding i^the same. 
A cotton factory is a huge square structure, often 
containing seven or eight stories, the rooms of which 
may be two or three hundred feet in length, lighted 
by numerous windows, which have a singularly pic- 
turesque appearance by night, when seen from with- 
out. “ The operations carried on within its walls,” 
says Mr. Baines, “ are numerous, and every one of 
them is performed by machinery, without the help 
of human hands, except merely in transferring the 
material from one machine to a? 1 other. It is by iron 
fingers, teeth and wheels, moving with exhaustless 
energy and devouring speed, that the cotton is 
opened, cleaned, spread* carded, drawn, roved, spun, 
wound, warped, dressed, and woven. The various 
machines arc proportioned to each other, in regard to 
their capability of work, and they are so placed in 
the mill as to jfllow the material to be carried from 
stage to stage with the lqast possible loss of time. 
All are moving at once, the operations chasing each 
other ; and all derive their motion 'from the mighty 
engine, which, firmly seated in the lower part of the 
building, and constantly fed with water and fuel, toils 
through the day with the strength of perhaps a Tiun- 
dred horses. Mc^n, in the mean while, have merely 
to attend on this wonderful serie^ of mechanism, to 
supply i\ with work, to oil its joints, and to check 
its slight and unfrequent irregularities ; each work- 
man performing, ^r rather superintending, as much 
work as could have been done %>y two or three hun- 
dred men sixty years ago. ° At the approach of 
dar^css, the building is illuminated by jets of flame, 
whose brilliance mimics the light of day, the produce 
of an invisible vapour generated t on the spot. When 
it is remembered that all these inventions have been 
made within the last seventy years, it must be ac- 
$ 
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•knowledged that the cotton ifiill presents the most 
striking cxAiple of the dominion obtaine^ by hunyift 
science over the powcrs.of nature of which modern 
times can Imast. *That this vast aggregate of impor- 
tant discoveries and inventions should, with scarcely 
an exception, have proceeded from English genius, 
must be a reflection highly satisfactory to every 

Englishman.” 

• • 


SORTING THE COTTON, WILLOWING, RATTING, 
BLOWING, AND LAPPING. 

The importers of dotton employ certain brokers in 
Liverpool, who set a value upon the sample, and 
find purchasers to any amount. The buyers, who 
are the spinners all over the "country, and the Man- 
chester cotton dealers, ftlso employ brokers to make 
their purchases. The brokers charge, both to seller 
and buyer, a commission of ten siblings for every 
hundred pcflinds worth of cotton. 

The cotton is seldom unpacked until it arrives at 
the mill, the purchases being all managed by samples. 
When it is unpacked, the first thing tube done is the 
sorting, and in this much care and skill are required ; 
for-4ke different bags furnish different qualities of 
cotton, and it is necessary to produce yarn of uniform 
quality, at the cheapest rate. In orrder, therefore, to 
equalize the .different qualities, the contents of all 
the bags are* mixed together in the following manner. 

A space being cleared and marked out on the floor, 
the cotton contained jin the first bag is scattered over 
this space, so as exactly to cover it ; the contents of 
the* second bag are, «in like manner, spread over^the • 
first, and the cotton in qll the other bags is disused 
in a simi&r manner ; men and boys tread down the 
heap, which is (felled a bing or bunker , until at lengt.li 
it rises up in shape and dimensions very much % like p a 
large hay-stack. Whenever a supply of cotton^ is 
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taken from the bing, it is torn (Town with a rdke from 
£op to bottom, by which means it is evident the con- 
tents of tHb different bags are collected together in 
a mass of uniform quality'anl colour. In mixing 
different qualities of cotton, it is usual to 'bring toge- 
ther such only as have a similar length of staple. 
A portion of the waste cotton of the mill is also 
mixed in the bing, for making the lower qualities of 
yarn. For higher numbers, as well as for varps, a 
finer quality of cotton must be selected ; and thus it 
will be seen that the formation of the bing is an 
important operation, the quality of the goods produced 
depending up3n it. 

In this state the cotton contains sand, dirt, and 
other impurities, and the fibres are matted together 
by the pressure they were subjected to in packing. 
To open the fibres, and get rid of the sand, &c., the 
cotton is put into a machine called a willow. This 
consists of a box or case, containing a conical wooden 
beam, studded over with iron spikes: this beam is 
made to turn round five or six hundred- times in a 
minute. The cotton, as -it is torn down from the 
bing, is put in at one end of the machine, where it 
is caught by the spikes,, tossed aWjt and shaken 
with great violence, and gradually driven forward 
to the other end. The sand and other heavy, im- 
purities fall out of the machine, through ah open 
grating at the bottom ; the dust and lighter matters 
pass off through a scries of wire openings, and the 
cleaned cotton is sent down a shoot into the room 
below. 

If the cotton is of fine quality, it is beaten, or 
batted, with hazel or holly twigS. For this purpose, 
it is spread upon a frame, the upper part of which is 
maCfcFof cordsj and is quite elastic. A woman, with 
a rod about three or four feet long in each h&nd, beats 
the cotton with great violence,- producing a similar 
effect to the bow-string of the Hindoo. Any loose 
imputfities which remain fall out between the cords ; 
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seeds, and figments of seed«pods, which adhere to 
the cofton jlomewhat firmly, are picked out by hand. 
By this method, the tangled lc^ks di&ippear, ^the 
cotton is thoroughly opene/lr and 1 made quite clean, 
without injuring the staple. 



The coarser qualities are passed at once from the 
willow to the scutching or blowing machine, which 
does the work of batting, only in a more violent man- 
nojt^and is, therefore, not adapted for fine qualities ; 
but, in coarser spinning, is in general use to 
prepare the cotton for the eardin^-engine, as was the 
case at one of the mills visited by the writer. The 
cotton, as it was shot down from the w^low, was 
received t\pon an endless band, called a creeper , in- 
geniously covered with laths of $vood moving upon 
rollers: it supplied •cotton to the various blowing- 
machines placed at equal distances across a long g 
room. Each machine was attended by two lad^J one 
of whonl weighed a portion of the cotton, while the 
other spread it uppn an endless band employed to 
feed the machine, This band was also formed #of 
laths, placed crossways and fastened together, in 
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preference to cloth, which is apt to sink aPong the 
middle, and thus feed the machine irregularly.* Two 
or three ofMhe lathis were painted black* for the pur- 
pose of dividing the Burfaoe of the feeder into two 
or three equal parts. The feeder being* constantly 
urged, with a slow motion, towards the mouth of the 
machine, it was the duty of the attendant, as soon as 
a black lath appeared, to begin to spread the weighed 
quantity of cotton, and to make it cover the whole 
surface until another black lath appeared : he was 
then ready to spread another weight of cotton. Thus, 
while one part of the feeder is constantly supplying 
the insatiable appetite of the machine, another part 
returns for a fresh supply. At$ soon as the cotton 
enters the jaws of the machine, it is seized by two 
rollers, and immediately exposed to the blows of a 
hatting-arm , or beater, 'which is turned round with 
great velocity within a kindofbdrum,of which the arms 
of the beater form the diameter. The solid impurities 
fall through a grating, but the dust and lighter mat- 
ters are sucked up through a shoot, in which the air 
is rarefied by a revolving fan. The wind produced 
by the batting-arm drives the light cotton filaments 
onward, where they are assaulted by another batting- 
arm : they are again urged forward, and blown with 
tolerable regularity over the surface of a wire -gavze 
drum, which is constantly revolving. Beneath this 
drum, and in close, contact with it, is an endless band 
moving on rollers, which receives the cotton, and 
conveys it out of the machine. The pressure of the 
drum upon the band condenses the cotton into a filmy 
sheet; that is, the fibres cling together sufficiently to 
allow the cotton to 'be wound upon an iron rod as it 
leaves the machine, and in this state it is called a tap. 
The>u;dvantage of this is, that a uniform thickness 
can be presented to the carding-engine, wfcich is a 
necessary condition. * 

*In spinning fine yarns, this method of preparing 
-*fhe lap's does not answer so well as forming them by 
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• hand. * This* practice was introduced by Arkwright, 
and it is dcie-in various ways. In Mi». Unuldsworjhte 
mill, at the lime of thp writer’s frisit, the ‘following 
method \^s adopted :* — Jt boy was furnished with two 
qiiMities of cotton, contained in separate baskets: 
from one of these he took a certain quantity, and put 
it, together with a weight which hung from the beam 
of the scale, into the pan until the scale went dow T n ; 
the wfiiglit was thfcn taken out, and its equivalent 
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made up frqm the second baskht.* The cotton thus 
weighed was taken to a canvass strip, out half of 
which was extended along a kind of frame near the 
wall, while the otheij half rested Jbn the floor. The 

* By this method cottcfi of various degrees of fineness may be m 
mixed in any proportion. Suppose, for example; the manual urer 
wishes to produce yarn from two qualities of cotton in the proportion 
of 3 of one to 2 of the other. The large scale weight will be 1 £ or 
He first puts a smal? weight equal to § into the scale pan, with the 
first lot of cotton, and thus gets f of the quantity required; tb#n 
taking out the weight he adds cotton from the second baskcit, to the 
value off or §. 
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lad distributed the ootton over this jdoth,' batting. 

« . , v v a f and slightly raising ..ltfcwith a rod, 

V ^d then flattening ft with & kind * 

oi* fan formed bji the union of five 
\ \ rods. The boy then l olled upon , 
F A„™»',»Bm.,« aniro11 spindle the portion of the,' 
ani> LAPi-iNG. cloth covered with cotton, and, in • 
doing so, dragged upon the frame the remaining half, 
which was in like manner covered with cottGn, and 
rolled up. The laps thus formed wcjpc placed in a 
heap in the lower part of the frame, ready for the 
carding- engine. In forming these laps the greatest 
precision is required, because the size of the yarn to 
be produced depends upon the quantity of cotton 
spread over a given surface, and any irregularity in 
the spreading is likely to interfere with the uniform 
thickness of the yarn. • As the cotton varies slightly 
in weight, according as the weather is wet or dry, it 
is sometimes usual to weigh it with a cotton weight, 
formed by packing a quantity of cotton into a hollow 
copper tube or # ball, pierced with hole*. As this 
weight is about as much effected by changes in the 
weather as the cotton itself*, an equality is thus pre- 
served in forming the laps. 


* CARDING., 

Tiie cotton, which is still in a conftised and tan- 
gled state., has now to be carded, upon the regularity 
and perfection of which process depends ftiuch of the' 
success of spinning, and also of (the beauty and dura- 
bility of the stuff to be woveli. % It has been alroudy 
explained, that a cotton card is a sort of brush, 
containing wires instead of* bristles. Thej cards are 
made of bands or fillets of leather,* pierced with 

By^a recent improvement, the cards are formed of alternate 
layers of cotton, linen, and Indian-rubber. 
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numer&us tuples, in which ore fixed bent pieces of 
iron ire, Aalled dents or teeth. Each piece of • 
wire, .by beftig bent, forms tw^ teeth* thus: \\ 
These must be ©f oqusft gize and shape; they ' 
must stantl at equal distances, and be equally inclined 
to the curved surface of the drum, round which the 
cards are to be lapped. The leather must also be of 
the same thickness throughout, or* the teeth will not 
stand %t precisely the same height. 

Wheji cattjs were made by hand, it was quite im- 
possible to comply with these conditions, all of which 
are necessary to good carding. Much ingenuity has 
been exercised in producing a card-making machine , 
which the writer had an opportunity of inspecting at 
the works of Messrs. Curtis and Co., at Manchester ; 
but it would be impossible, in this little treatise, to 
give more than a general idfea of this wonderful piece 
of mechanism. The leather is first prepared by a ma- 
chine, which cuts it into sheets and fillets of the proper 
length and breadth ; eacli fillet is wetted and stretched 
to its full* extent, so as to produce an even surface ; 
it is then passed between rollers, against a nicely- 
adjusted kmfe-gdge, which shaves it down to a per- 
fectly uniform thickness. The fillet is then wound 
upon a roller, and made to pass between two guide- 
roUers, to a receiving-roller above -the card-making 
machine, when the fillet is held, fast, and stretched 
by a clamp. The wire of whiclwthc teeth arc to be 
made is supplied from a drum»placcd at the side. 

Matters "being thus arranged, the machine per- 
forms its v 01 'k in the following order : — Two prickers 
advance, and make two holes ii* the surface of the 
leather ; a pair of sliding pincers next seize the wire, 
and wind off fromtthe drum a length exactly suffi-* 
cient for two teeth; a tongue of 'steel hol&s this 
piece of wire exactly in the middle, while .a knife 
advances and ^cuts* it off from that part of the wire 
held in the pincers. Steel fingers next advaifbe, 
bend the piece of wire just cut off, and carry it 
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forward to the holes previously made by c the packers. 
The points of the wire are seized on- tie opposite 
sidfc of the Kjather^and a bar rises up a 4 nd bends the 
two limbs so as to form $ knee in reach. pusher 
then acts from the opposite side, and drives home the 
wire into the leather, which is then shifted by the 
guide rollers, and another wire is inserted as before. 

When this machine works at its ordinary speed, it 
is quite impossible to follow its various complicated 
movements, for it puts in two hundred teeth every 
minute, completing a length of twenty feet of card 
in a day ; but the superintendent was so kind as to 
put the machine out of gear with the steam engine 
(which works ninety card-making machines in one 
room), and to turn it slowly by hand, whereby its 
beautiful movements -were made intelligible. What 
adds apparently to the complexity of the machine, is 
the necessity of making cattls for some purposes 
ribbed , that is, arranging the wires in lines crossing 
the fillet; while for other purposes the cards are twilled, 
that is, the wires form oblique linos across the fillet. 
When the cards leave this machine, all slight in- 
equalities are removed by grinding ; and the cards, 
when in use, are ground down from time to time, 
sometimes every day, until worn out. 

The appearance of the cards, and their modi* of 
action', will be understood from the following figure. 

If these cards be moved in oppo- 
site directions witli a tangled tuft 
of cotton between thefti, the fibres 
will be seized by all the teeth — 
those of the top card will pull 
them one way*, those of the bottom 
another, by which means all tfhe 
curls^and twis’tings of the lock will be opened and 
drawn out, and the fibres made to lie side by side, or 
before each other. This effect may not be produced 
air once, but by repeatedly drawing one card over the 
other it will certainly be effected. 
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But in thus laying the fibrdfe side by side, and end 
to end" eacft card takes up a portion* of % the cottprf. 
To get the wliole of tl\e cotton f 
upon one? card, sfll that fs neces- 
safy is to Reverse the position of 
the two, and to place them 
shown in the opposite figure, 
where it will be seen that by 
drawirf^ the upper ^ard over the lower one, the teeth 
of the latter %an offer no resistance, and thus it is 
stripped of its cotton. 

In the carding-engine this principle is carried out 
on a large scale. A drum about three or four feet 





in diameter, and three or four feet in length, 
moving on a horizontal axis, *is covered with nar- 
row fillet cards parallel to the axis, a small space 
being left between the separate fillets. The upper 
part of the drum is covered with a concave frame, 
containing narrow cauls, corresponding in form to 
those of the cylinder The cotton lap is supported 
at one end of the engine upon a roller, whievh, by 
slowly timing, assists in unfolding it. As it be- 
comes unfolded* it passes between two fluted rollers, 
which are pressed together by a weight hanging 
from the end of the upper roller. The cotton is then 
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caught by the wires of the main cylinder, the teeth . 
6f o which, assisted by the cards of the frame- work, 
arrange the fibres ©f the cotton, as already explained. 
After this they are taken off by ar second cylinder, 
called a doffer , which moves in a contrary direction, 
and from this the cotton is removed by a very 
beautiful contrivance, called the crank and comb . 

The inventor ef the carding-enginc is not known 
with certainty. It appears, however, that in 1748, 
Lewis Paul patented two different tmaehines for 
carding, in one of which the cards were arranged 
on a flat surface, and in the other on a drum. The 
cards were arranged parallel to each other and to 
the axis of the drum, a space being left between every 
two cards. The wool was put on by hand, and the 
cardings were taken off separately by a moveable 
comb, the spaces between the cards regulating the 
substance of each carding . L fiy this method the 
machines had to be stopped every time the cardings 
were taken off, and then had to he joined end to end 
to form the perpetual carding. The machine was 
not generally known and adopted in Lancashire for 
more than twenty years after the date of the patent. 
One of the first improvements was to fix to the 
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machine a revolving cloth or feeder, on which a 
giyen weight of cotton wool was spread, by which it 
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was conveyed to the machine. Arkwright further 
improved Ahis by rolling up the feeder with the 
cotton spresfd upon it, as already e^flained, "and 
allowing* this grtduaJly* So .unroll to feed the cylinder. 
Another Improvement brought off the carded wool 
in a continuous fleece, forming a uniform and per- 
petual sliver. The doffer, which strips the wool from 
the large cylinder, turned off a carding of no greater 
length than that of the cylinder ; but it was found, 
that by entyely covering the doffer with narrow 
cards, wound round in a spiral form, without having 
any spaces, the wool might be brought off in one un- 
broken fleece. But the method of stripping off the 
wool from the doffer was attended with many diffi- 
culties, which were at length overcome by the 
invention of the crank and comb. A plate of metal, 
finely toothed like a comb, in worked by a crank up 
and down over the doffer, so that, by slight and 
frequent strokes on the teeth of the card, it. strips off 
the cotton in a continuous filmy fleece, which, as it 
conics ofl* is drawn through a funnel at a little dis- 
tance in front of the cylinder, which reduces it to a 
roll or sliver . B This after passing between two 
rollers, and, being compressed into a firm, flat riband. 
Jails into a deep can, where it is coiled up in a con- 
tinuous length until the can is filled. 



SECOND 1'AHDXNG ENGINE. 

The invention of the crank and comb li^s bden 
given by some to Arkwright ; by others to If ar- 
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greaves, the inventor' of the jenny, c /Those who 
defend the (jlaiffi of the former, say that it was com- 
municated to Halfgreaves by one ox ArltAvright’s 
workmen, who chalked ’out 1 a sketch of it 'upon the 
table of a public-house. 

Thus, by a series of ingenious improvements, the 
carding-engine was perfected, and it has scarcely 
been improved since Arkwright’s time. It is inter- 
esting to watch the cotton at ond end in its tangled, 
knotted state, the fibres lying in ev^ry direction, 
and then to walk to the other end and notice the 
beautiful filmy web stripped from the doffer by the 
crank and comb. It is so light and flimsy that it no 
longer resembles cotton, but rather the delicate lines 
which the gossamer spider sometimes draws over the 
fields in autumri. 

In fine spinning, the "cotton passes through two 
carding-engincs ; the first a coarse, and called a 
breaker-card, and the second, in which the teeth are 
finer, called a jivishing-card. A number of cardings 
from the breaker-card arc united together at the 
edges by passing them befw T een the steel rollers of 
a lap-machine; the new lap thus formed is wound 
upon a cylinder, and is then ready to feed the finish- 
ing-card. 


DOUBLING AND DRAWING. 

« 

The fibres of the cotton are not yet* sufficiently 
level to be twisted into yarn; and it often happens 
that the teeth of the card lay hold of a fibre by the 
middle, and thus double it together, in which state it 
is unfit for spinning. The caf dings are therefore 
doubled and drawn out by a machine called the 
drawing frame, the principle of which depends upon 
different pairs of rollers revolving* with different 
dftgreep of rapidity, as already noticed. If, how- 
ever, the riband, us it leaves the carding-engine, 
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. were simpbg extended in length by drawing it 
out, it* wowd*- be liable to tear across, or to be of a 
differont thiclcness at different pprts ol its length. 
To prevetit the tearing, ah<J to equalize the thickness, 
a number 6f cardings are joined together, and drawn 
out to a length equal to the sum of the lengths of all 
the separate cardings. The effect produced is the 
same as taking a piece of cotton-wool between the 
finger %nd thumb, »and drawing it out many times, 
laying the di%wn filaments over each other, before 
each drawing. If the cotton be then examined, it 
•will be found that all the fibres are parallel, and of 
equal length. This effect is accomplished very per- 
fectly in the drawing-frame, which consists of a 
number of rollers, arranged in what are called heads , 
each head consisting of three pairs of rollers, of which 
the second pair moves with ^greater speed than the 
first, and the third mo*es quicker than the second. 
Drawing rollers arc used in several machines which 
have yet to be noticed ; their arrangement and mode 
of action may therefore be further explained. 

The accompanying figure represents the arrange- 
ment of one drawing-head. The under rollers are 



macte of iron and fluted \ the upper ones, also of iron, 
are smooth, and covered first with flannel and *tncn 
with leather. This enables the rollers to take firm 
hold of the cotton. • The top rollers are sometimes 
called pressers, because they press, by mea^is dF 
weights, upon the under ones. These weights are 
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hung to a curved hook, or to a saddle, wjjich includes 
two or more rollers. A mahogany bar, faced with 
flannel, r,es{s, by ite own weight, upon file top rollers, 
and strips off all tne loo$e, hanging fibres* Similar 
bars are also made to press up against' the under 
fluted rollers. The distance between the first and 
second pairs of rollers is never allowed to exceed the 
length of the cotton filaments, for if such were the 
case, the riband might be torn apart by the- second 
pair pulling it while the first licld^it fast. The 
riband is stretched most in passing from the second 
to the third pair, the distance between which must 
not be too great, for the reason just stated, nor too 
small, or the staple will be torn. 

The cardings are sometimes presented to the draw- 
ing-frame in the form of laps, or more usually they 
are taken up from separate cans, and guided over a 
tin or brass plate containing a number of separate 
channels. They all meet and unite together just 
before passing between the first pair of rollers, which 
reduces them all into one sliver ; the second pair 
extends every inch of this compound sliver into about 
two inches, and the third pair of rollers extends these 
two inches i*ito ten : so that, suppose ten slivers from 



DRAWING. (12 INTO 1.) A 

ten separate cans enter the feme on one side, the 
result is, that, after passing through the rollers, a 
^single sliver is produced of the same thickness as one 
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of the*ten divers, but of ten ‘times the length; the 
ten slivers lire, in fact, united into one, and this being 
passed between two smooth cast-iron rollers, to con- 
dense it, is allowed t*) fall into a can on the opposite 
side of the frame. 

By repeating this process again and again, it will 
be easily seen that the chances of uniformity in the 
sliver are greatly multiplied ; for the defects of indi- 
vidual* slivers are absorbed and got rid of. When 
ten of the cafcs are filled with the compound sliver, 
they are passed on to a second drawing-head, and the 
ten drawings , as they are now called, are again 
doubled, and drawn out into one. r f welve of these 
are then doubled, and drawn out at a third head ; 
twelve of these are doubled again, and again drawn 
out at a fourth head; and, lastly, six of these arc 
doubled, and drawn out at a ‘fifth head. 

Thus it will be seer$ that, by collecting all these 
numbers together, the doubling of the fibres of the 
cardings have been multiplied no ^ess than 86,400 
times; foN 10 x 10 x 12 x 12 x 6 = 86,400. The 
drawing is carried to fehis extent only in fine 
spinning. For. coarse numbers, the doubling and 
drawing are not repeated so often. Six card-ends 
are usually passed through the first drawing-head, 
and formed into one riband. * Six of these ribands 
arc again formed into one ; six of .these again make a 
third sliver, and five of these pa&s through the last 
drawing- head. Tims we have 6 x 6 X (> x 5, or 1080 
of the origihal card-ends united in the finished drawn 
sliver. , 

This doubling and drawing tproeess is of the 
greatest importance, the quality of the yarn depending 
upon its being well done. Arkwright is the inventor • 
of it ; and it is related of him, that, when any defects 
appeared* in his yarns, he told his people to look to 
their drawings,* for,* if they were right, every thing 
else would be so too. % * 

The drawing-frames require constant watching,^ to 
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see that none of the cans are emptied before full ones 
dire ready tq supply their place.* Ther'labour'iB per- 
formed by young women, wfyo are kept pretty actively 
at work. A contrivance Jias bben introduced which 
greatly abridges the labour. A cylindrical plunger is 
made to fall at intervals into the receiving-can, and, 
by pressing down the sliver, enables the can to hold 
a much greater ‘quantity than it would do if the 
sliver were left to fall loosely intfl the can. Further 
improvements have lately been made^by which the 
sliver is regularly and beautifully coiled in the can, 
and compressed at the same time, but without at all 
stretching the sliver. 

n o v i N G. 

By the process of doubling and drawing, the cotton 
is formed into a loose pdrous cord, the fibres of which 
are arranged side by side. *This cord is still much 
too thick for yarn, but it cannot be reduced in size 



by drawing merely, for if this were attempted it 
woiikl break ; a slight twist is therefore given, which, 
by condensing the fibres, allows the drawing to pro- 


* By a recent invention, in case of the 0 breaking 1 of any sliver, or 
t we emptying of a can, so as to lessen the number of the slivers^ the 
machine is made to stop instantly ; thus requiring much less attention, 
anjl insuring a greater uniformity in the thread. 
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cecd. This* is the commencement of the spinning 
process (whJcU is, in fact, little more than a combina* 
tion of drawing and twisting), aiyl is called roving. 
Up to a recent period, t He roving-machine, as intro- 
duced by Arkwright, was in use, but it is now super- 
seded by better and more complicated mechanism. 
The roving-machine of Arkwright did not differ 
greatly from the drawing-frame. It consisted of two 
pairs of drawing-rollers, for extending the slivers, of 
which two we^e generally doubled and united. The 
sliver, as it quitted the drawing-rollers, was received 
into a can, which was made to spin rapidly round, 
and this, by giving a slight twist to the* sliver, formed 
the roving, and distributed it in a coil within the can. 
Thus far all was well, but it was necessary for the 
next process that the roving should be wound upon 
bobbins ; the can, when full, was therefore carried to 
a simple machine, and wound by hand, by which it 
was scarcely possible to avoid injuring the delicate 
cord, and hence the quality of* the yarn suffered. 
This led t(* the introduction of th v* Jack frame , or 
Jack-in-thc-bo.r, as it was more familiarly called, an?l 
afterwards to the bobbin-and-fy frame, which mav now 
be considered as the established roving-machine of 
the cotton manufacture. 

The bobbin- and-fly frame is an exceedingly com- 
plicated machine, although the objects to be accom- 
plished by it are sufficiently simple,; namely, to give 
the roving a slight twist, 
and then to*wind it on 
the bobbin.^ The first 
•is easily done by the re- 
volutions of the spindle j 
the ‘second is more diffi- 
cult. It is scarcely ne- 
cessary tej explain, that 
the bobbins now under 

notice differ in no way % 

from the reels in common use, except in being of very 
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large size. The spindle, which holds thjs bobbin, is 
around steel rpd, driven by a small cog* wheel, fas- 
teiled on ^hfe lower., part of the spindle, as shown in 
the next figure. The bobbifi r is*slid$ipon the spindle, 
and the small bed, or platform, on which «it rests, is 
made to revolve by another scries of small wheels, not 
shown in the figure. The spindle has two arms, called 
the fly or flyer . r This fly is fixed on the top of the 
spindle in such a way, that it can be taken off in an 
instant, for the purpose of putting oiy or taking oft* 
the bobbin. One arm of the fly is hollow, the other 
solid, and this serves to balance the 
machinery. One machine contains 
from thirty to a, hundred and twenty 
spindles, which, for economy of 
space, are placed in two rows, each 
spindle • in the back row J standing 
opposite the rpacc left between two 
spindles of the front row. 

The action of the machine is this : 
The sliver having been 0 drawn by 
the rollers, is twisted, by the rapid 
rovolui ions of the swindle, into a soft 
cord or roving : this enters a hole 
in the top of the spindle, and passes 
.down the hollow arm of the fly ; it is 
tlnjn twisted round a steel finger, 
wjiich winds it on the bobbin with 
a certain pressure. This spring 
finger is a beautiful contrivance by 
Mr. Houldsworth. Before this invention, the rapid 
motions of the fly caused the roving to become im- ' 
properly stretched 1 by the centrifugal force, but this 
is now prevented by twisting 1 the roving round the 
finger : by its pressing the soft roving on the bobbin, 
each bobbin is made to hold a much larger quantity. 

All this seems to be sufficiently simple ; but the 
difficulties begin to appear when it is considered, that 
the delivering finger must move up and down, so as 
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to wind'tlie moving evenly ove* the bobbin, and that, 
as the •bobbin, increases in thickness, «a difference in 
speed is necessary to prevent the roving from being 
improperly stretcVed »r broken. The first object is 
attained bf making the bobbin slide up and down on 
the spindle, and the second by causing the strap which 
drives the bobbin to act on a conical instead of a 
cylindrical drum ; thus giving to the movement a vary- 
ing instead of an equal degree of speed. 

It will be &^en, that the spindle and bobbin arc 
driven by different movements. This is necessary, 
because, if they both moved at the same rate, the 
roving would be twisted merely, and not wound 
upon the bobbin ; but, by making the bobbin revolve 
a little quicker than the spindle, the winding is ac- 
complished. For example, if the bobbin revolves 
fifty times, while the spindle only revolves forty, 
forty turns of the bobbiit will have nothing to do with 
winding ; but there are ten turns of the bobbin above 
those of the fly, which w T ill perform the winding. 
Hence, the*forty turns of the spindle produce twist, 
while the fifty turns of tho bobbin produce ten coils 
of the roving upon its barrel. 

In fine spinning, tw r o rovings are doubled and 
passed a second time through the frame, where they 
receive a further degree of drawing and twist. 

The bobbin-and-fly frame is superintended by a 
female, whoso duty it is to join tjie broken slivers, 
to remove the full bobbins, and *to place empty ones 
in their stead. 

In fine spinning, the rovings are sometimes pre- 
pared at what is called the stretching-frame, which is 
a kind of mule-jennyj to be noticed presently; but 
usually the rovings #arc finished at one of two 
machines, namely, the throstle and the mule-jenny . 
It may bej stated, as a general rule, that the throstle 
spins warp, and the* mule weft ; there are, how- 
ever, many exceptions to this. % 


r 



24 


M ITS AND M, 


THROSTLE SPINNING. ri |* 

St ha? liecn already noticed, that Arkwrights 
water-frame "was partially fcftp$rse<Jed by the mule- 
jenny, but that, as it was capable of pioducing a 
strong wiry thread, well adapted for warps, it w T as 
introduced in an improved form, under the name of 
the throstle . This machine is usually made double, 
a row of bobbins, spindles, &c. occupying each side 
of the frame. The bobbins, filled with rovings from 
the bobbin-and-fly-frame, are mounted at the upper 
part of the frame in two ranges. The roving from 
each bobbin passes through three pairs of drawing- 
rollers, where it is stretched out to the requisite 
fineness. On quitting the last pair of rollers, each 
thread is guided by a little ring, or a notch of smooth 
glass let into the frame* towards the spindles, which 
revolve with great rapidity, producing, by the motion 
of their flyers through the air, a low musical hum, 




which is supposed to have given, the jname of throstle 
lb thi^ machine. The roving, which may now be called 
. yarn , passing through an eyelet formed at the end of 
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one of the anms of the flyer, proceeds at once to the 
bobbin. • ■* 

The yarn is Tvound upon the bobbin by a curiofis 
contrivance. The# bobbin fits very loosely upon the 
spindle, an(? rests on its end upon a kind of platform. 
The bobbin is not connected with the spindle except 
by the thread of yarn which has to be wound ; there- 
fore, as soon as the flyer is set spiraling, the thread 
drags the bobbin after it, and makes it follow the 
motion of the spindle and fly ; but the weight of the 
bobbin, and its friction on the platform, which is pro- 
moted by covering the end with coarse cloth, causes it 
to hang back ; and thus the double purpose is served 
of keeping the thread stretched and winding it on 
the bobbin much more slowly than the flyer revolves. 
The yarn is equally distributed on the bobbin by 
a slow up-and-down motion of 8 the platform. 

These effects are thc»samc as were produced by 
the bobbin-and-fly frame, but in the throstle they 
are attained by simpler means. In the former 
machine, a distinct movement causcdT the bobbin to 
revolve quicker than the spindle. In the throstle, 
the bobbin is made to revolve by the pull of the 
yarn, which is now sufficiently strong for the pur- 
pose ; but the roving in the bobbin-and-fly frame 
would not bear the strain. 

A throstle-frame generally contains from 70 to 150 
spindles on each side. The drawing-rollers extend 
the whole length of* the frame. »The top rollers are, 
as usual, covered with leather, and the thread passes 
over a guit^e bar, which has a slight horizontal 
Tnovement, for the purpose of leading the thread 
over different points jof the rollers, and thus pre- 
venting the leather from being chafed by constant 
pressure on one spot. One young wdman, and an 
assistant, attend to from 140 to 300 spindles in two 
double frames; tbeir duties are to mend broken threads, 
and shift the bobbins as required. t 
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» MULE SPINNING. 

• • ^ 

The fliroitlc is* not oftdn ejnptyycd for very fine 
spinning, because fine yflrn would not baar the drag 
of the bobbin ; but in mule spinning the yarn is 
wound at once upon the spindles without any strain. 
In the mule the roving is first drawn by the usual 
system of rollers, and then stretched by a liveable 
carnage, as in the spinning-jenny of Hargreaves. 
The effect of* first drawing and then stretching, is to 
make the yarn finer and more uniform, as will be 
explained presently. The spinning-mule is the most 
interesting and impressive spectacle in a large cotton 
mill ; on account of its vast extent, the great quantity 
of work performed by it, and the wonderful com- 
plication and ingenuity. of its parts. 

The spinning-mule consists of two principal por- 
tions ; the first, which is fixed, contains the bobbins 
of rovings and the drawing-rollers ; the second is 
a sort of carriage, moving upon an iron railroad, and 
capable of being drawn put to a distance of about 
five feet from the fixed frame. This carriage carries 
the spindles, the number of which Ts half that of the 
bobbins of rovings. Motion is given to the spindles 
by means of vertical drums, round which arc passed 
slender cords, communicating with the spindles. 
There is one drum to every twenty-four spindles. 

The carriage Sei^g run up to the point from 
which it starts in spinning, the spindles- are near to 
the roller-beam : the rollers now begin to turn, and 
to give out yarn, # which is immediately* twisted by* 
the revolution of -the spindle^; the carriage then 
moves away from the roller-bba^n, somewhat quicker 
than the threads are delivered, so that they receive 
a certain amount of stretching, a circumstance which 
gives value to this machine. TJie beneficial effect is 
produced in this way : when the thread leaves the rollers 
it is thicker in some parts than in others, and those 
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thicker partsfjiot being so much* twisted as the thinner 
ones, are softeg;, and yield to the stretdhiijg power of 
the mule, so that the twist, equalized throughout, and 
the yarn becomes tnorfc uniform. AYhen the carriage 
has completed a stretch , or is drawn out from about 
54 to 64 inches from the roller-beam, the drawing- 
rollers cease to give out yarn, but the spindles 
continue to whirl until the threads are properly 
twisted? In spinning the finer yarns, the carriage 
sometimes makes what is called a second stretch , 
during which the spindles are made to revolve much 
more rapidly than before. The drawing, stretching, and 
twisting of a length of thread being thus completed, 
the mule disengaged itself from the parts of the 
machinery by which it has hitherto been driven, and 
the spinner then seizes the carriage with his left 
hand, and pushes it back to fhe roller beam, turning 
at the same time with* his right hand a fly wheel, 
which gives motion to the spindles. At the same 
time a copping wire, as it is called, js pressed upon 
the thread*? by the spinner’s left hand, and I hey are 
thus made 1o traverse the 'whole length of the spin- 
dle, upon which .they are then wound or built in a 
conical form, which is called a cop. Tliese cops arc 
used for placing in the shuttle in weaving, and form 
the weft, or short cross threads, of the cloth. 

One man is able to attend to two mules, guiding 
in tlic carriage of one mule by# haiyl, while the 
carriage of the other is being moved out by the 
steam-engine. Much skill is required in- pishing 
% back the carriage. As a preparatory step, the spinner 
causes the spindles to revolve backwards for a moment, 
to ^slacken the tlireld*s just completed, and throw 
them off the points of the spindles previous to wind- 
ing them. In pushing the carriage back lie must 
attend tfl three things : — ho must guide the copping 
wire so as to insure •the regular winding of the yarn 
on the cop; he must regulate the motion *>f the 
spindles; and he must push the carriage at suc^i a 
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rate as to supply tlio exact. amount of^/arn that the 
spindles can ti ke up in a given time. •« * 

k The spinner is assisted f by boy§ or girls, to piece 
the broken 1 ' threads. lie also Employs a scaven- 
ger to collect all the loose or waste erftton, called 
which lies on the floor, or hangs about the ma- 
chinery. This is chiefly used in cleaning the ma- 
chinery. It is calculated that the waste of material 
from the different machines in spinning cotton, 
amounts to 1 Joz. per lb. or nearly opc-tcnth of the 
original weight. It is the duty of the piecer to 
join the broken ends of the threads as the carriage 
moves from thV upright frame. The breaking of tlio 
threads depends, in Mime degree, on the temperature 
and the state of the atmosphere. During ail east 
wind the threads sometimes break faster than the 
piccers can join them'-; and it seems probable that 
the rapid whirling of so many thousand pieces of 
machinery produces, in very dry weather, a large 
amount, of electricity, which may prevent the proper 
spinning of the fibres. At. such times i'. is not, un- 
common to keep the atmos-phere of the room moist, by 
jets of steam, and to maintain a temperature of from 
68u to 7()°. Indeed, fine yarn cannot well be spun at 
a lower temperature. 

The quality of the yarn in mule-spinning depends 
upon the care and attention of the spinner, and it 
was long thought impossible to substitute mechanical 
contrivances for the work performed by him. This 
lias led Jhc spinners, on many occasions, to league 
together, for the purpose of compelling their masters 
to grant such wages as they ehosc to demand, and to 
accept such an aifiount of lab jur as they chose to 
give. Such acts as these, which are in direct viola- 
tion of the Divine command, “ Servants, be obedient 
to your masters,” are sure, sooner or latei, to meet 
with punishment ; and such has beefi the case in the 
, "*P rescn f instance. The mill-owners, feeling that no 
dependence was to be placed on their spinners, long 
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.desired to si|jcrsedc tlicm by nfcchanical contrivance; 
and this at length, after numerous failures, has been 
done in a complete manner by the inv(jnti»n of the 
sclf-actinq mule, cA* tliT5 iron* man, as it is sometimes 
called in Lancashire. Mr. Roberts, of the celebrated 
firm of Sharp and Roberts, machine-makers, suc- 
ceeded in perfecting this extraordinary machine, 
which not only does the work of the spinning-mule 
without the assist nhee or attendance of any one ex- 
cept the little# piecer, but does it in a more perfect 
and complete manner ; and produces a larger quan- 
tity of yarn. The cops, also, are firmer and of better 
shape, and contain a much larger quantity of yarn 
than cops of equal* size wound by hand, so that 
they are less liable to injury; and in weaving, the 
superior firmness of the cop allows the loom to be 
worked at greater speed, wlfereby cloth of superior 
quality is produced in greater quantity. 


U E E J! I N 0 . 

The yarn is now disposed of in various ways, ac- 
cording to the use for which it is intended : but it 
is often found convenient to make it uji into hanks. 

The machine for winding the yarji from the bobbins, 
or cops, into regular hanks, is a long; eight-sided frame, 
mounted on a carriage, which is also furnished 
with spindlds or skewers, for holding the .bobbins, 
or cops. JTlicse frames arc managed by young 
* women, whose duty it is to tura the reel until a 
check is struck. Tljcv then kno\v that the reel has 
made eighty turns ; aficl, as tlic sides of the reel mea- 
sure one yard and a half, a ley or rap i$ thus formed, 
containing 120 yards. Seven of these raps make one 
hank, containing 560 threads of a yard-and-a-half 
each ; thus making 840 yards to the hank. Tlje size 
of the yarn is ascertained by weighing the hanks in 
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a kind of balance caked a quadrant. ^Each size is 
put up separately in cubical bundles of five or ten 
pdunds weight. These ppckagc^ arc closely com- 



pressed by a simple but ingenious machine called the 
bundling-press, where they are firmly tied while under 
pressure, and, being wrapped neatly in paper, are 
ready for the market. The usual average number of 
hanks to the pound is, for coarse spinning, from 
ten to forty, but, for some purposes, such its candle- 
wicks, coarse counterpanes, &c., as low as two hanks 
U> the pound are ‘made. It is often exported as 
low as from four'to six hanks. The highest number 
usually obtained in fine spinning is 300, but the writer 
saw at Mr. I loulds worth’s mill, at Manchester, yarn 
of which 460 hanks were required to make a pound. 
This yarn is a beautiful, hard, cylindrical cord, of won- 
derful fineness, and has been soM for twenty guineas, or 
upwards, a pound, an astonishing example of the effect 

* Tables are published for ascertaining the number of?ianks to the 
pound ; but the following is not an uncommon mode of ascertaining. 
,'l,0l)0 grains divided by the number of grains in a lev, gives the 
number of hanks per pound. This rule is founded on the fact that a 
ley is £tk 0 f a hank ; and 1,000 grains is equal toy.li of a pound. 
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.of well-flirecf^d industry, in increasing the value of raw 
material. A»-pound of the best sea-tsln^nl cotton is 
worth, at the highest price> 5s. per pound ^ wlien manu- 
factured into yarn of frhc member 460, the value of this 
pound of cotton is 420s., or, in other words, its value 
is increased 84 times. This yarn was produced by 
Mr. Ilouldsworth for a muslin dress for Her present 
Majesty, in order to show the capabilities of the British 
manufacture, far excelling any tiling produced bv the 
llindocT spinney. It is scarcely necesKiry to say, that 
such yarn is not commonly made, but that, if a 
demand lor it wore to arise, it could bje supplied at a 
gradually decreasing price. 


TIIE MANUFACTURE Oft SEWING THREAD. 

When the yarn is cAnpletcd, it is usually sent to 
the doubling and twisting null , for the purpose of being 
converted into what is now properly called thread. 
Although we are accustomed to apply the word thread 
to a thin, narrow line of "any fibrous material, the 
manufacturer limits the term to that compound cord 
produced by doubling or twisting two of more single 
lines. The siugle line lie calls garn : two or more 
single yarns laid parallel, and twisted together, he 
calls thread ; and of this there ;>re many varieties, 
such as bob bin-net 4a ce thread , slocking thread , sewing 
thready &c. * • 

The writer visited a sewing-thread factory at Man- 
chester, which, though inferior in extent and import- 
ance to the cotton mills, where flic raw material is 
converted into yarnj presents, nevertheless, several 
] joints of interest. 

The yarn, which is received at the factory in the 
form of cops, is wound upon large bobbins, ready for 
the doubling-miH, or* thread-frame , as it is sometimes 
called. This machine is not unlike the throstle 
of the cotton-spinner, already described ; but Its 
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action will be better understood by reference to the, 
following cjit . 1 The cops are mounted loosely upon 



spindles or skewers, on a creel or shelf extending the 
whole length of the room; as the yarn is unwound, 
it is led across a glass rod, mud made to pass into a 
leaden trough filled with water, or a weak solution 
of starch, which enables the lines of yarn to twist 
together into a more solid thread. On quitting the 
trough, the lines of yarn (two, three, four, or six in 
number, according to the desired size of the thread) 
are guided over a roller whereon they are laid pa- 
rallel, and then made to pass down to the spindle, the 
rapid revolutions of which twist these parallel lines 
together into a solid cord or thread. The twist is 
given in an opposite direction to that applied by the 
spinning-machine, and when the thread is completed, 
it is then wound upon the bobbin which surrounds 
the spindle. 

The thread is now wound into hanks for bleaching 
or dyeing (two important processes, which will be 
noticed in a separate treatise).* The hanks of bleached 
or dyed thread are wound on bobbins, for the pur- 
pose of balling or reeling . The process of forming 
the thread into balls or reels, is performed by young 
wotnep with an almost magical celerity. Each young 
woman is seated at a kind of turning-lathe ; she 
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seizes tile ci|i of the thread, and attaches it to a rod 
of steel, sets this spinning, and in ar» instant a hall 
of cotton appears at the ejid of the rod ; th^ rotation 
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is sLoj)j>ed, a 1)1 uc ticket- is inserted at the end, 
a further quantity of thread wound to secure the 
ticket, and the hall is finished. Hie size of the hall 
is regulated with extreme accuracy by the eye. The 
number of halls to the pound vari.es from 16 to 
GOO ; and the young woman being told to produce 
a certain number to the pound, makes a few, weighs 
them mil il she lias got the e>*ict size by weight; 
after this site relies entirely upon her eye* and so 
accurate is her judgment, that the variation of the 
%alls in weight is very trifling. Tbe cotton is wound 
on reels with the same surprising Celerity ; the steel 
finger which delivers* the thread from the bobbin, 
being guided to and fro to distribute it equally 
along thejbarrel of the reel. The quantity here also 
is judged of by eye, and varies from 30 to 300 
yards in each reel. As each reel is filled, the broken 
end of the thread is inserted in a notch, whicli the 
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winder cuts for the purpose. Reeling is not Such 
rapid work f as* balling, but is still sufficiently 'swift to 
pf event, the eye from following the ‘motion of* the * 
thread. The chief delay in botW cases arises from 
the breaking of the thread, which, during‘tlic writer’s 
visit, occurred rather often. 

The reels arc placed oil end in a kind of shallow 
drawer, and little children cut out and paste on the 
labels. These labels arc printed on sheets, and the 
back of each sheet is covered with,, gum, like the 
postage-stamps. The children stamp out the labels 
with a circular punch, wet the back of each against 
the tongue, and then press the wetted side against 
the end of the reel. Some idea may bo formed of 
the extent of this business, from the fact, that a 
sheet, containing 144 labels, printed in blue and gold, 
and glazed, and then ^covered on the back with a 
layer of gum, is sold for one penny. The smallest 
bronzed cotton bobbin labels arc sold as low as one 
halfpenny per gross. The writer paid a Aisit to the 
extensive establishment of Messrs. Bmlshaw and 
Blacklock, of Manchester, where these labels are 
produced in large quantities. Eapli sheet, which is 
of a purple colour on one side, and plain on the 
other, is first printed from a copper-plate in an invi- 
sible adhesive ink; the sheet, immediately it is printed, 
is taken by a bqy, who rubs over it, with a hare’s 
foot, a yellow impalpable metallic powder, which 
passes for gold, but vis really copper or bronze in a 
minutely divided state. The powder adheres to the 
printed letters and border, and is brushed off from 
the parts where nO’ink lias been applied. The sheets, 
when perfectly dry, are hot-messed, or calendered, 
which gives the glossy surface, and then covered on 
the plain surface with gum ; when this is thoroughly 
dry, the sheets arc pressed again, and are tfien ready 
for sale. Letter-press and copper-plate printing, as 
well ;is lithography, are all extensively used in pro- 
ducing labels and tickets. 
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r jfhe ballsf of cotton are tied up in small flat 
bundled each* containing a quarter of* abound; the 
• proper numbef“ is. count efl out, folded up in pap8r, 
and tied into a mindlc/with the remarkable speed 
and precisiftn which is attained only by long prac- 
tice : four of these quarters arc next tied up into 
pound parcels, which, after being labelled, are ready 
for the wholesale market. • 


SINGEING TIIE THREAD? 

Tn fine spinning, the yarn, when doubled, is, for some 
purposes, singed or gassed, in order to get rid of the loose 
fibres, and to make it more level and compact. The pro- 
cess of singeing yarn strives a stranger as being more 
remarkable than anything else in the mill. In a 
long room in the upper part of the mill, or in a shed 
attached to it, are several tables, limited up with a 
large number of jets of fhirne, about twelve inches 
apart, producing a singular but j leasing effect. A bove 
each flame is a litfle hood or chimney. On entering 
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this room the smoll of, the burnt cotton is immediately 
perceived, and, on approaching the table, one i« sur- 
prised to see a fine, delicate thread crossing eacji 
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flame in two or three directions, and ^pparentty at 
rest ; but, qn following the course of t-bis thread, it is 
foYmd to proceed from ono bobbin-, which is rapidly * 
spinning round, and to , pass •through the flame to 
another bobbin, which is also in rapid motion. It is 
then seen that the thread is also moving at a rapid 
rate, by which means alone docs it escape being con- 
sumed. The thread is led over pulleys, so as to pass 
two or three times through the’ flame, which singes 
off the loose fibres, converting them, into a reddish 
powder or dust, which, if blown about and inhaled, 
would do great injury to the lungs : this is why the 
gassing- room is in a remote or retired part of the 
building, to prevent the air being disturbed by the 
bustle of the busier parts. 

After the thread has been singed, it passes over a 
brush, to clean it, and then through a small hole or 
notch cut in a i>rojccting pidfce of brass, which is in- 
geniously made to detect any knot or foul point in 
the thread. T\\c hole is so small, that there is but 
just room for the thread to pass ; if, therefore, a 
knot or other impediment' occurs in the thread, the 
piece of brass is depressed, and this, is connected with 
mechanism Which suddenly turns the gas flame aside, 
and lifts the bobbin oft* the rotating barrel which 
turns it, causing the whole to stop. The thread 
remains at rest until the attendant, called the tenter - 
woman , mends the defect, arid sets the bobbin in 
motion again. The advantage oftliis contrivance is, 
that no time is lost ; for, while the defective thread 
stops, all the rest go on as usual. The effect of 
singeing is to raisd the yarns to a higher number, by 
the diminution of their weight per hank. Thus, 
No. 90 will become No. 95; so that there is an 
actual difference of five hanks per pound by the ope- 
ration of gassing. 
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t # STATISTICS 

• The statistic* of the cotton trade will 1 be bettor 
understood, when itie ijnportant subjects bf weaving, 
bleaching, dyeing, and printing, are completed ; but 
a few details respecting cotton-wool, yarn and thread, 
may be interesting in this place. The amount of 
cotton- wool imported into England in § l 845, amounted 
to 659,584,477 lbs., , of which, 44,363,355 lbs. w'ere 
exported, leaving a quantity for home consumption, 
amounting to o 15,22 1,1 22 lbs. By far the greater 
part of this supply came from the United States of 
America. For some years past, the cotton- wool im- 
ported from foreign possessions paid an import duty 
of 2s. lid. per cwt. ; that from British possessions 
paid only 4d. per cwt. From the 22d of March 1845, 
this duty was wholly repealed. 

In 1845, the prices o£ cotton-wool at Liverpool, 
were as follows : — Sea ’ Islands cotton-wool from 
10 id. to 16d. per lb. ; Uplands, 5 2d. to 4 Id. ; Orleans, 
5-}d. to 6d. ^ Egyptian, 5 id. to lOd. ; * common West 
Indian, 4d. to 5d. ; Surat ayd Madras, 2 \d. to 3 2d. 

The quantity of cotton-yarn spun in England and 
Scotland in 1845, ‘was as follows : — 

lbs. 

In England 4G7, 029,46ft 

In Scotland 27,737,022 


TotaV 404,766,487 


The quantity of *cotton-y arn ‘exported from En- 
gland in 1845, amounted to 131,937,935 lbs. Of 
^;his quantity, the principal portions were distributed 
as follows : — * 


• lbs. 

* The Ilanse Towns, *&<?. .... 40,315,592 

Holland 21,556,043 

Russia 18,167,962 

Indfia 14,116,237 

China . 2,402,750 

Sardinia, Tuscany? &c 4,482,539 

Belgium 3,917,267 # 
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The remainder was sent in much smaller quantities 
to various paints of the world. r 

«. The quantity of cotton- thread exported in 1845 , t 
amounted to 2,567,705 lbs* f (, 

The total weight of yarn in manufactured cotton- 
goods exported from England in 1845, amounted to 
336,866,327 lbs, ; the total value of which was 
£22,063,898.* ^ 

Much has been said respecting the health of the 
operatives in cotton-mills. Children under thirteen 

{ rears of age are now under the ptotection of the 
egislature ; they are allowed to work only half time, 
that is, six hours a day ; and they must attend school 
during some portion of the day % An excellent school, 
frequently under the inspection of the Committee of 
Council on Education, is attached to a large number 
of factories ; and unless o the children attend this every 
day, they are not allowed tq work in the mill. It is 

S enerally arranged that those children who work 
uring the morning attend school in the afternoon, 
while those that work in the afternoon go to school 
m the morning. 

The writer w r as agreeably disappointed to find that 
the work-people in the mills had hy no means that 
sickly appearance which he had been led to expect. 
On the contrary, many of the younger females were 
stout, healthy looking girls, and others, though not 
ruddy, were lively and active in their movements, 
and in their expression of countenance. There were 
no symptoms of suffering or disease among the young 
people in any of the mills visited by the writer. 
Perhaps the most trying operations in the cotton-mill 
are willowing , batting , and carding . The rooms in 
which they are carried on are dlouded with fine par- 
ticles of cotton, which sometimes set a stranger 
coughing immediately on entering ; this is, probably 
injurious to the work-people. MJost of the men 

* The above statistical facts are stated on the authority of Burn's 
Commercial Glance. Manchester, 1846. 
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in tjese coon^ were pallid in their complexions, and, 
though .from 4iabit they are not subject to the same 
inconvenience Sand difficulty of breathing which 
strangers suffer, th|re are* Evident marks ef a languid 
state of health in the countenances of some. In 
judging from their appearance, however, it is necessary 
to make due allowance for an artificial whiteness, 
produced by the particles of cotton, which settle 
abundantly on their faces and hair. 
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TIIE MANUFACTURE OF WOVEN GOODS. 

Taut JV. 


TIIE MANl FACTFHftOF WOOLLEN CLOTH. 

The processor by which wool is converted into 
woollen and l worsted yarns have hech detailed in a 
former treatise. Worsted stuffs, whether plain or 
twilled, are, for the most part, complete and fit for 
the market as sooVi as they are woven ; .hut when 
woollen cloth is taken from the loom, it requires a 
number of curious and elaborate finishing processes, 
which must now be described.'* 

There is nothing that calls for particular re- 
mark in the weaviijgf of woollen tyarn, except the 
large size of %the looms, which allow of broad cloth, 
upwards of twelve quarters wide, being woven. This 
great width ts necessary to allow for the shrinking 
which it undergoes in scouring and •fulling. A cloth 
required to be sixty inches wide when finished, must, 
be woven of the width of about one hundred inches. 
# 

* The writer has again to acknowledge tiie liberal assistance to 
himself and the aitist/fernwhed by M essrs. John Brooke and Sons, 
ot Armitage Bridge, near Iluddersiield. # 

f For the details of wearing the reader is referred to a previous 
Treatise on the Manufacture of Woven Goods. . • 
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The cloth is furnished at the loom witfi outpr edges 
of list foi 4 receiving the tentering" hooks when it (i 
is stretched out to dry. ‘In the( West of England 
this list is made of goat’s hair, and in Yorkshire of 
coarse yarn. In this, as in every other description 
of weaving, the power loom is rapidly superseding 
the hand loom. 

t 

SCOURING. 

i 

In the preparation of the wool for spinning, a 
quantity of oil is employed, which, together with the 
size used for the dressing, is left in the cloth when 
the piece is received from the loom. In this state it 
is greasy and rough, and the object of the processes 
about to be described, is to give it a smooth and 
level surface. The oil and si^e must first be got rid of, 
for which purpose the cloth is scoured at the falling 
mill , which is a somewhat rude machine — supposed 
to stand, in point of antiquity, next after the corn or 
flour mill. Scouring copyists in constantly agitating 
and exposing new surfaces of the cloth to the ac- 
tion of wajtcr containing some detergent substance. 
During many centuries a kind of clay, called Fullers ’ 
earth , was used for the purpose. It is found in great 
abundance in several parts of England, especially in 
Bedfordshire, Berkshire, Hampshire, and Surrey. 
Its value depends upon the affinity which the alumina 
contained in it has for greasy substances ; but it is 
much less used than formerly, and only preparatory 
to scouring with foap. ‘ * 

The fulling-mill consists of two or more ponderous 
oaken mallets, working in a' stock , as the frame cf the 
mill is called. The mallets are worked by tapit 
wheels, the rims of which are furnished with pro- 
jections, which, bearing upon tl]C shanks of the 
mallets, raise them to a certain height, and then, 
suddenly releasing them, allow the heavy heads to 
fell by the^r own weight. The cloth is exposed to 




SCOmiNG MACHINE 

washed in hot water with the assistance of squeezing 
rollers. % * • 

FULLING. 

• 

After the cloth has been scouretl, the naked threads 
are. very perceptible it is then placed in the 
fulling-mill, and fulled lor many hours, the object 
being to jroduce such a motion among the fibres of 
the wool,’ that their minutely jagged surfaces may 
lock into each othefr, and form not a woven tissue 
like calico or linen, but a felted mass similar to ^paper. 
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f t 

In a piece of thick fulled cloth the separate threads 
are almost lost under the thick fulled© surface which 
i^ raised uf,oti them : and the chief direct of spinning^ 
and wdhviftg seems to bo to dij* tribute the fibres 
equally, and to give strength to the fabric, rather 
than any particular character of woven goods. In- 
deed, during the last half century, several attempts 
have been made to produce cloth by fulling only, 
without the aid of weaving. There are a ^few fac- 
tories now in operation which produce an excellent 
felted cloth fit for carpets, and the production of 
superfine broad cloth by the same means does not 
appear impossible. 

The fulling stocks resemble the scouring stocks, 
but the trough has a square instead of an inclined 
end, so that the cloth receives the direct stroke of 
the mallets, and is not turned round and round as 
in scouring. A large nunjber of these stocks are 
contained in one long room upon the ground-floor, 
and the continual thumping which is going on from 
the ponderous ►mallets has a very odd effect. It 
seems astonishing how the cloth can escape being 
pounded to dust, or at least worn into fragments ; 
but the cloth is not injured on account of the number 
of the folds, and the directness of the blow, which 
tails with much greater force than in the scouring 
stocks. 

The old fulling-mill was constructed of wood, but 
it is now usually of iron, and all the parts are fitted 
and adjusted with gloat care. The trough is some- 
times made hollow, so as to form a steam-chest con- 
nected by a pipe yitli the boiler, for maintaining the 
degree of heat rno^t favourable to the felting process. 
There is also a contrivance for altering the form of the 
trough so as to vary the force with w hich the mallets 
fall upon the cloth, different qualities often, requiring 
different degrees of force. This is accomplished by 
a moveable curved plate, traversing on a fixed hinge- 
rod aft the bottom of the trough : the upper end of 
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» 

tlii» curVcd f)latc admits of being advanced towards 
or withdrawrf from the mallets, by meansj of a screw 
rod attached to its back. , ^ * 

Soap is employed ip tliisjprocess, about six pounds 
being required for a piece of coloured cloth contain- 
ing from forty to fifty yards. White cloth fulls more 
easily than coloured, and in less time ; and it requires 
less soap. The soap is first converted into shavings 
for th3 purpose of easier solution, and then one-half 
of it is dissolved in two buckets full of hot water. 

A portion of*this is distributed over the cloth by 
pouring it in a fold near one of the ends ; the man 
then takes up this Ibid and pulls out *the cloth so as 
to form a sort of channel, along which the solution 
of soap flows, until the cloth has absorbed it all ; 
he then adds another quantity, and pulls out the? 
cloth as before.* The cloth is next put into the 
trough of the mill, and fulled for three hours. It 
is then taken out and stretched ; and immediately 
returned to the trough without any fresh soap, 
and fulled for two hours longer. Tt is again taken 
out and the second half .of the soap is distributed 
at four different times over the cloth, taking it out 
every two hours to be stretched, and to get rid of 
wrinkles. At the end of twelve hours a stream of 
clean water is admitted to wash away the soap, or the 
cloth is again passed through the scouring machine. 
The piece is then taken out, and dried. The effect 
of fulling is to reduce the piece in breadth about 

two -fifths, Tmd in length one-third. 

c » 

1 

i 

TESTEKIXG.* 

• • 

The old method of drying, which is sometimes * 
still adapted, is to stretch the cloth, by means of 
tenter-hooks, upon,a long frame of wood, in an open 


See Frontispiece. 
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field, called the tenter-ground . The dtying' is now 
usually carried on more expeditiously in a room 
heated by kteam pipes, thq tenter-fratae being used 
as in the* op6*n air. In strctcljingHhe piece on the 
tenter-frame it is drawrt out about two yards in 
forty, but very little in breadth. 

, BURLING. 

The operation of burling sometimes takes place 
immediately after scouring or fulling.# A number of 
young women, called burlers , carefully examine the 
cloth on the surface, and through the web, against 
a strong light ; and pick out with metal tweezers all 
knots, hairs, and dirt. This supervision is called 
burling . In large factories a room is set aside for 
the purpose ; but it is sometimes done at the cot- 
tagers’ houses, or, during the summer months, in the 
open air on walls or hedges. f 

• TEAZLING. « 

The next process is teazling , by which the loose 
fibres of the wool are raised to tho surface, so as to 
form, when properly cut or sheared, that beautiful 
pile or nap, which is so much admired in superfine 
cloths. This operation is performed by means of the 
prickly flower heads of the teazle, a species of thistle 
(I)ipsacus fnlloiium)* which is cultivated in the clothing 
counties for the purpose.* It is* a biennial plant, 
and is sown in drills on strong land; it is thinned 
out by the hoe, and kept clear from weeds- during the 
first year ; in the second year it ought to be kept 
clear of weeds, although the .same attention is pot 
. generally paid to hoeing as during the first. When 
the heads are ripe they are cut and dried for sale ; 
There is some difficulty in drying them on' account 

* The Wild Teazle ( Dipsacus sylvestrisj is regarded by some 
botanists *as a variety of the Clothier’s Teazle. 
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of the 6are Required to keep,, the heads uninjured. 
The cultivation of this plant require^ so much 
% attention, ana the crop , is so uncertain, tjiat few 
manufacturers groV their own teazles. A continuance 
of damp weather will cause the heads of the plant 
to decay before they are ripe, rendering them totally 
unfit for the manufacturer. In Yorkshire the average 



the teazle. ( Dtpsacus fuUanutn.) 


price of a pack of teazles containing 13,500 large 
heads, in the proportion of six large to four small heads, 
varies from' o/. to 11 . ; but in times of scarcity the 
jr>rice has beCjn as high as 22/. the pack. In abundant 
years the pack has been sold as lo\^ as 3/. 

Cloth was formerly teazled by hand ; for which 
purpose a number of the heads were fixed in a small 
wooden frame, having cross handles' eight or ten 
inches long, forming an instrument not unlike a 
curry-comb. The ck)th to be teazled was hung upon 
two horizontal rails fastened to the ceiling, ^t was 
first damped, and then the men worked three times 
n 3 4 
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over its surface, first, in the direction ^of the warp, 
and then ii\ that of the weft, so as to-hiise the loose 
fibres frpm the felt, and to prepare it for shearing. 
When the heads became clioked Ap with wool, they 
were cleared out by children, with small steel combs ; 
but when the moisture had softened the points, it 
was necessary to dry the heads. 

The high price of teazles, and the large number 
required in the manufacture (from two to three 
thousand being used on a piece of cloth forty yards 
long), have led to attempts to supersede the teazle 
by the introduction of wire brushes, or metallic 
teazle-cards, but they do but rudely imitate the 
action of the natural teazle, in which each head is 
composed of a great number of flowers separated 
from each other by long scales, at the end of which 
is a fine hook, the part so valuable to the manu- 
facturer. These hooks arc* strong enough to over- 
come a slight impediment, but are sufficiently yield- 
ing to give way and break when they become fixed 
in a knot which they cannot disentangle. Metallic 
teazle-cards, on the contrary, instead of yielding, 
tear out the fibres, and injure the surface of the 
cloth. 

The great improvement in teazling has been by 
the introduction of machinery. In the ffhj-mitt 9 as 
it. is called, the teazles arc arranged in long frames 
attached to a hollow drum, or cylinder, and the 
cloth being guided 1^ a number of rollers, is moved 
in a direction contrary to that of the r cj Under, bv 
which means its surface is exposed to thq operation of 
the teazles, lly the rapid revolution of the cylinder, 4 
and the slower motion of the cloth in a contrary 
direction, the loose fibres of the wool arc brought to 
the surface. The long frames can be easily removed 
from the cylinder, and when the teazles become 
clogged with wool, they are removed and cleaned. 

Tl\ere are various forms of gig-mill, but the only 
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^essential difference between* them consists in the 
method of arranging tlie rollers, stf a; I to bring a 
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greater or less extent of surface of the cloth in comae t 
with the cylinder. 

* 

rfllEAMXC. 

As the filaments drawn idj-t 3i by teazling are of 
\ ery unequal lengths, they mud be shorn to make 
them level, and this must be done with different 
degrees of closeness, aeeouling to # the (quality of the 
stuff, and the appearance it is desired to have.. Like 
most of the other* operations <*f manufactures, this 
was formerly done by hand, — a large pair # of* shears 
being employed for the purpose, requiring con- 
siderable dexterity on the part 1 of the workmen. 
The first improvement^ was to wOrk these shears by 
machinery — a circumstance which led to serious 
riots in the West of England at the commencement 
of the present century. The folly of these disturb- 
ances it is not ^lecassary to point out. Machinery 
was successful, and continued to be improved in 
various ways. One ingenious contrivance consists 
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of a fixed semicircular rack, within or behind which 
is a cutting edge, called a ledger -blct d(£ and a large 
revolving wheel, armed with eight small cutting 
discs, which, being in contafct jvitH the ledger-blade, 
form, when in motion, a series of delicate cutting 
shears. Each cutting disc has a toothed pinion work- 
ing in the semicircular rack, which, as the large 
wheel revolves, gives to the cutting discs an indepen- 
dent rotatory motion in addition to their revolution 
with the large wheel. In the diagram the cloth is 



represented' by the shaded part over which the 
machine travels ; or the machine may be stationary 
while the cloth is moved beneath it. 

The other machine in use consists of an iron cylin- 
der, round which is a spiral cutting blade. The 
cylinder being mad® to revolve with great rapidity, 
the blade cuts the pile of the cloth immediately in 
contact beneath it, the cloth being stretched and^ 
guided by rollers. A machine of this kind is called 
a perpetual . 

A single operation of raising and shearing is not 
sufficient to give its beautiful surface to superfine 
cloth. The cloth is therefore teazled a second time. 


deeper than the first ; that is, the "cloth is made to 
press with greater force against the teazles than in the 
first raising; H is then sheared a second time. By 
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alternately ripeating these processes as often as may 

be required, &he cloth at length assuiyes.the appear- 
ance desired A In the \J^est of England the fi^st 
raising is called n>ug\ing, in which prorfess the cloth 
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is worked witli tlic teazles both ways. . After being 
sheared it is teazled in one direction only, which is 
called mozing. It is then cut and teazled several 
times. 

Both teazling and shearing are delicate operations: 
if badly done the* cloth is wcqkdhcd, and otherwise 
injured ; blit if well done, not only is the appearance 
of the fabric improved, but it acquires strength and 
durability; for the pile or nap t is a species of fur 

which protects the doth from friction and moisture. 

• > 

ROLLER-BOILING. 

Within the last few years a process has been intro- 
duced which greatly improves the lustre of the sur- 
face of the cloth, and prevents it from becoming 
spotted by rain. This process consists in binding 
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the cloth tightly upo/i a roller, and inhnersing it in 
water healed .to 170° or 180° for twcrfiy-fouK hours, 
after which it is once moi*£ stretched^ on the tenters l 
and dried. ' This process is ,call6d roller-boiling or 
patenting . But as the long-continued action of hot 
water was found in some cases to weaken the fibre 
of the wool, and to change some colours, it is now 
customary to alternate the process with cold and hot 
water. For this purpose, the cloth is wound upon a 
drum, which rests upon a horizontal axis, half in and 
half out of a tank of cold water. St tain is admitted 
into the trough until the water is raised to the tem- 
perature of 170°. In the mean time a slow rotatory 
motion is given to the drum,, the cloth becomes 
uniformly heated throughout, and by being passed in 
succession through the hot water and the cold air for 
the space of eight hour*, the cloth gets a smooth soft 
face, and the texture is not injured. The hot water 
is then withdrawn, and its place supplied by cold 
water, in which the cloth is turned for the space of 
twenty-four hold's, which will perfectly fi* the lustre 
which the hot water lias imparted to the face of the 
cloth, and leave the pile or nap in a soft silky state. 
This improvement is said to have been invented 
bv Mr. Wilkins, of Tiverton, and perfected by Mr. 
Ilirst, of Leeds. 


• BRrsiHNU, Ac 

When the cloth is d, r y it is removed to the brnshing- 
machine; which is a series of brushes affixed to a 
cylinder. * In passing through this macliiijc, the cloth 
is slightly damped (>y being exposed to steam which 
escapes in minute jets from a copper box extending 
the whole length of the brnsliing-machine. For the 
purpose of brushing, a number of pieces are stitched 
together at the ends so as to form an endless web. 

The cloth is once more carefully examined before 
a strong light, and is picked, fine-drawn, and marked . 
The picking (which is similar in its object to burling) 
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" * / 
is to reftiovefall blemishes which may appear on the 

surface and to cover over with the point of a pen, 
dipped in ink Ar dye-stuff^ any spots wliicn may haye 
escaped the action of' the dye. Fine-drawing is to 
close any minute ho/e or ''break hi the fabric, by 
introducing, by means of a needle, sound yarns in 
place of defective ones; and the marking is the 
working in, with white or yellow silk, a word or 
mark indicating the, quality and number of the piece, 
such as, Saxony, extra superfine* and so on. 

* 

PRESSING. 

• 

The pile being once more brushed, the cloth is 
regularly folded and* subjected to hydraulic pressure. 
Between each fold is placed a polished pressing- 
board to prevent the surfaces from coming in con- 
tact ; and between each piece of cloth (many pieces 
being pressed at the same time) iron plates are in- 
serted. If the cloth is to be hot-pressed, three hot 
iron plates are inserted between tin* folds at the. end 
of every twenty yards. Thin sheets of iron, not 
heated, are also inserted above and below the hot 
plates for the purpose of moderating the heat. The 
folded pieces arc piled up in the press, and subjected 
to very severe pressure, till the plates are cold. The 
cloth is then taken out and folded again, so that the 
creases of former folds may come opposite the flat 
faces of the pressing-boards, and -be removed at the 
second pressure. 

llot-pressing gives a satiny lustre and smoothness 
to the face' of the cloth, which , k however, is apt to 
become spotted and disfigured by rain, an effect which 
is tfiot produced on cLoi h which has been patented . 
Therefore, in finishing superfine cloths, a very slight 
pressure, is given to them, and the iron plates are 
moderately warmed. 

The cloth is lastly made up for the market in pieces 
or bales, and into ends or half-pieces, + 
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STATISTICS OF THE* WOOLLEN TRADE. 

The methods of carrying on the woollen trade 
differ in some respects in different counties, but they 
may all, perhaps, be referred to two systems, namely, 
the factory system and the domestic system . ,ln the 
former, the master clothier procures foreign wool 
from the importer, and wool of home growth from 
the wool-stapler, and works it up into cloth in a large 
factory, employing for the purpose a number of 
operatives, consisting of men, women, and children, 
who have no property except their labour in the ma- 
terial upon which they arc employed. 

In the domestic system, the one originally adopted 
in this country, the manufacture is conducted by 
small masters, each of whom farms a few acres of 
land. The master, his wife, and children, occupy 
themselves alternately with the manufacture of woollen 
cloth, and the cultivation. of their land. These do- 
mestic clothiers formerly made the wool into undressed 
cloth at their own houses ; but of late years public 
mills have been established for the purpose in the 
clothing villages : these mills are a joint stock under- 
taking, each clothier subscribing 50/. or 100/. In 
the early part of the present century, when the fac- 
tory system, with its powerful anc] extensive mecha- 
nical resources, was becoming generally 'adopted in 
the woollen manufacture, the domestic clothiers were 
under considerably, alarm for the safety of their 
trade. A Parliamentary Committee, appointed to 
inquire into their case, reported that “ the two sys- 
tems, instead of rivalling, are mutual aids to each 
other ; each supplying the other’s defects, and pro- 
moting the other’s prosperity.” Experience* seems to 
have confirmed this conclusion : flic number of small 
manufacturers, ^;xnd the quantity of cloth produced 
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by them,* havl both increased ; hut as the number of 
factoricg, and tfhe quantity of cloth nyida in them, 
have increased %till more rapidly, the small manufac- 
turers now form a less proportion of the trade'. 

With respect to the valhc of the woollen trade, 
and the number of persons employed, Mr. M c Cuiloch 
has formed the following estimate. There arc about 
150,000,000lbs. of wool worked up yearly: the value 
of this js taken at jibout 7,500,000/. : the value of 
the manufactured goods being taken at three times 
that of the raw wool, gives an annual amount of 
22,500,000/. This valuation is made up in the fol- 
lowing manner : — 


Raw material . * 

Oil, soap, dye-stuff^ &c. 
Interest, profit, kc. 
Wages 


£7,500,000 

1,600,000 

4.650.000 

8.750.000 


■t 


£“22,500,000 


Dividing the amount of wages at the average rate 
of 26/. a-year to each operative, gives 336,538 ; 
which Mr. •McCulloch thinks may be taken as the 
number of persons employed in the woollen manu- 
facture of this country. 

Mr. Chapman, one of the Assistant TIand-loom 
Commissioners, by taking the number of persons 
supported by the woollen manufacture, arrives at a 
larger result. He estimates that, in 1831, the num- 
ber of families engaged in the manufacture were as 
follows :-X 


In the West Riding o f Yorkshire . . 85,096 

In the West of England 4 20,851 

In Norfolk and Kendal 17,570 

In the Hosiery district . . . ■ 20,464 

" In other places 20,000 


, ’ 163,981 

Then takihg the # average number of persons in a 
family at 5J, he arrives at the aggregate of 874,565 
persons directly supported by the wocdlen mantifac- 
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ture. He also supposes that, by the ^car 1841, this 
number nlust have increased to 226^598 families, or 
T, 2 18,424 individuals, lie supposes that the average 
earnings of each family is' 17a*. 6d. per week, which 
amounts to 10,296,569/.; and allowing for the in- 
crease in the other items since Mr. M^ulloclfs esti- 
mate was made, lie states the annual value of the 
woollen manufacture in this country thus : — 


£10,000,000 

. 1,500,000 

10,200,559 
4,0 50, -3 11 

£20,155,870 

The quantities and declared value of British 
woollen and worsted manufactures exported in 1820, 
1840, and 1845^ were as follows: — 


Value of wool employed . 
Oil, dve-stufls, soap, &c. . 

Wages . 

Wear and tear, profit 



1820. | 

] 830. I 

1840. 

1845. 


Clotlis ufal] soils. . 

288,228 1 

388,21.9 ! 

215,740 

307.791 

Pieces 

Nap pert routing 

« 59,041 i 

22,377 ' 

16,094 

4,773 

Pieces. 

Keisevmeies . . 

78,911 ! 

31,711 I 

27,122 

U 4 , 678 

1’ieees. 

J?ai7C‘s . . . . 

.'17,183 1 

49, If. 1 | 

30,044 

23,583 

Pieces 

Stuffs . . . 

828,821 

I,i:i2 1 . l il2 I 

1,718,617 

2,212,90(5 

Pieces 

Flannels .... 

2,:>o7, i% : 

1.613,099 , 

1,013,177 ! 

2,405,311 

Yards. 

lllanketing . . 

1,288,1 Ofl ! 

2,17(5,391 

2,1621*553 ! 

2,179.178 

y dirts. 

Carpeting / . 

i 

072,809 1 

758,039 | 

| 1,006,970 

Yanis. 

Woollens rni\ert with 

1 

1 

1 

1 



cof tuns 

407,710 1 

1,099,318 | 

3,028,874 

23,881.017 

Yards. 

Woi sled hosiery 

5! •,:«)() ! 

111,110 , 

90,946 1 

171,001 

Dozen p 

Sumlries . . . , 

jL'j'un | 

£51.038 | 

£1(51,031 

£178,995 | 

Value. 


i Deelaml value £5,.V)7,75 H £4, 728, (5(50 £%S27,$53 £7/93,118 


This table docs riot include the expo* rs of British ^ 
sheep and lambs’ wool, and woollen and worsted 
yarns, during thy same period. Thej were as fol- 
lows: — 

1820. 1830. » 1840. 1845, 

Wool . . . 35,242 2,951,000 4,810,387 9,059,448 lbs. 

Spun-yam . 11,081 1,108,023 3,790,644 9,405,928 lbs. 

In the Parliamentary documents for 1845, the * 
exports of British woollen manufactures (exclusive of \ 

woof and ytru) arc entered for forty-five different f 

'«■ / - 
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parts of the ♦world ; by which, it appears; that our 
best c^stonici is the United States ctf 4- mer ^ca^ to 
which woolleil manufactured articles vjere f sent in 
that year to the amount of 1,763,174/. : the Hanse- 
atic Towns are entered at 981,504/.: the British 
North American colonics at 671,998/.; China at 
539,218/. ; Holland at 460,122/. 

Halls, for the sale of cloth, ai;e established at 
Leeds,* Halifax, Huddersfield, Bradford, and other 
places. A notice of the Coloured-cloth Hall at 
Leeds, visited by the writer, will probably be a suffi- 
cient description of the management of these build- 
ings. There are two cloth-halls at Leeds : the 
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Coloured-cloth Hall, built in 1758, and the White- 
elofh Hall, built in 1775. The cloth-market was 
formerly held in an open street. The Coloured-clotli 
Hall is 4 plain building, occupying three sides of 
a large square* divided into eight compartments, 
which are called streets : these are, King-street, 
Queen-street, ’Change-alley, Mary’s^tae, Prince of 
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Wales’s-s'rcet, Cheapgide, Commercial-Urcet, Union- 
street, an^ h? cw-street. Each streets contains two 
news of stands facing each .other : eacfi stand projects # 
from the wall 11 or 12 feet ; t but it measures only 
22 inches in front : it is inscribed with the name of 
the clothier to whom it belongs. No one can occupy 
a stand unless he has served a regular apprentice- 
ship to the clothing business. Eacli stand, which is 
the absolute freehold property, of the holder, cost 
originally about JM.; and the value has been as much 
as eight or ten times that amount*; but, since the 
extension of the factory system, a good deal of cloth 
produced in the woollen district is sold without pass- 
ing through die halls, which hi\vo, consequently, lost 
much of their importance, and the stands do not now 
exceed their original value. The markets for the 
sale of coloured cloth# arc held on Tuesdays and 
Saturdays; on which day s v only arc the merchants 
permitted to make their purchases in the halls. The 
time of sale commences, by the ringing of a bell, at 
nine o’clock in* summer, and balf-an-ho^ir later in 
the winter half of the y^ar from October to March . 
At the end of an hour the bell is rung again, to warn 
the buyers, and sellers that the market is about to 
close ; and in another twenty minutes the bell is rung 
for the third time; after which, a fine of 5s. is im- 
posed on every buyer. The White-cloth Hall, situ- 
ated in another part, of the city, is opened imme- 
diately afterward^, :\nd is subject to similar regula- 
tions. The cloth is brought to the Sails in the 
undressed state; the purchasers, who are the pro- 
prietors of what aitj called finishing-shops, conduct the? 
various finishing processes described in the present 
treatise. The goods produced in the West of Eng- 
land, and in Norfolk, arc not sold in cloth-halls, but 
at public fairs or markets, or to the agents ^ent round 
by the drapers. ^ » 

In this notice of the woollen and worsted manu- 
facture, it mijpht be expected that some details should 
• / 
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be given of tfic modes of manufacture of mie various 
descriptions oigoods in which wool is om^oyed; but 
• it may be stated that su«h goods as bljink§ts, flan- 
nels, baize, stuffs, marinos, mousseiine-de-Iames or 
wool inuslins, bombazets, tammies, shalloons, says, 
moreens, calimancocs, camlets, lustrings, and a number 
of others, are produced by some of the means already 
described in the treatises on the , Manufacture of 
WoolltJn and Worsted Yarns, and of Woven Goods. 
Many divisions and subdivisions of the manufacture 
differ more in* their results than in the means by 
which those results are attained. The mixture of 
woollen with worsted yarns, or either of them with 
cotton or silk, together with various methods of dyeing 
and fancy weaving, leads to an almost endless variety 
of woven fabrics. Thus to give a few examples : — 
Kerseymere is a fulled twilled fabric ; Serges are also 
twilled, but the warp is Worsted and the, weft woollen; 
Blankets , and many varieties of plain coarse cloth, 
are made of very soft yarn, afterwards worked up 
into a kind of pile by milling ; Bombazeen is a mix- 
ture of worsted and silk, twilled ; Poplin is a similar 
mixture produced by plain weaving; Stuff is entirely 
worsted ; Merino is a fine woollen twill ; Scuronies 
and Orleans are made of woollen mixed with cotton 
yarn : Cashmere ought properly to be made of the 
wool of the Cashmere goat ; but post of the fabrics 
named Cashmeres are made of sheep’s wool ; Challis is 
produced \from a Bilk warp and a woollen weft, and 
is usually printed ; Mo nsseline-de-lai ue was, as its name 
# *implies, originally all wool ; but it is now commonly 
mixed with cotton, and printed^ Norwich Crape is 
comprised of wool and silk; Crept- de-Lyon of worsted 
and silk. The fabrics called Waistcoatings are ex- 
ceedingly numerous. 

The principal seats of the woollen manufacture * 
are the West lading of Yorkshire, and the counties 

* The writer’s information on this subject is Ajbfrained chit fly from 
M'Culloch’s. “ Statistical Account of the British ISanire.” 
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of Gloucester, Wilts, find Somerset, i'he manufac- 
turing district* of the West Riding oj* Yorkshire is, 
with tlitf exception of that of Lancashire, by far the 
most important of any in tjie kingdom. It extends from 
north to south about forty, its mean breadth being 
about, twenty miles, comprising an area of nearly eight 
hundred square miles, and including the important 
towns of Leeds, Bradford, Halifax, Huddersfield, and 
Wakefield. The greater part of •the cloth produced in 
this district is in the neighbourhood of Leeds, Wake- 
field, Huddersfield, and Saddleworth* — Leeds being 
the grand mart for coloured ( or mixed, cloths , as they are 
called, bcingwliolly made of dyed wool, ) and whitebroad 
cloths . Flannels and baizes are manufactured in and 
near Halifax, and also cloth used by the army. The 
blanket shiny line lies between Leeds and Hud- 

dersfield. Worsted spinning is extensively carried on 
at Bradford; stuffs are made* in its vicinity, and also 
in Halifax and Leeds. Narrow cloths are made in 
and near Huddersfield. Saddleworth furnishes broad 
cloths and kerseymeres . Wakefield is celebrated for 
the skill of its cloth dyers* In the neighbourhood of 
Hatley and Dewsbury are the shoddy -mills employed 
in manufacturing yarn from old woollen rags and 
refuse goods, of which considerable quantities art* 
imported. A little new wool is usually intermixed 
with the old, and the cloth answers sufficiently well 
for padding and such purposes. 

Rochdale, in Lancashire, though not cop'/ulcred as 
forming part of the woollen district, has extensive 
manufactures of baizes, flannels, kerseys, and broad 
cloths. p 

In the West of England, the extent of the woollen 
manufacture is greatest in Gloucestershire, especially 
in the district 1 called the Bottoms, of which Stroud 
may be considered ns^the manufacturing centre, all 
the surrounding valleys exhibiting ranges of houses 
or villages occupied by persons engaged in this 
business, andj#\e banks of the Frome being thickly 
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set with ftillinfr-mills. Broad cloths of vai/nis sorts 
are made in t^iis district, but 4 chiefly ^suyerfinc, of 
£Saxon, Australftm, and Spanish wool ; ana fine narj 
row fancy goods are also extensively produced' 

Bradford, in Wiltshire, i£ the centre of what is 
perhaps the greatest fabric of superfine cloth in Eng- 
land. W oollen cloth of thin texture is made at Wilton, 
and cloths of various qualities, but all fine, arc made 
at Wanyinster, Ileytcsbury, and Caine. In Somer- 
setshire, the manufacture is carried on chiefly at Tiver- 
ton and at Taunton, the latter being as celebrated 
lor its manufacture of second cloth as Fromc is for 
superfine. West of England cloths are commonly 
divided into five classes, according to their thickness : 
the thickest is double-milled superfine ; the finest and 
thickest cloths are for the Turkey trade ; ladies c/ot/ts 
are rather thicker than these; cloths manufactured 
for the East and West Indies, a degree thicker; the 
superfine being, in point of thickness, next to the 
double -milled superfine. The Western woollen 
manufacture also extends into parts \>f Dorsetshire; 
while baize and flannels arc ^produced at Sturminster 
Newton. 

The county of Norfolk was long the scat of the 
stuff or worsted manufacture ; but during the present 
century it has declined, chiefly, it is said, for want of 
coal. The greater part of the yarn now made use of 
in the Norwich factories is made at Bradford, in 
Yorkshire^ Worsted yarn is also produced largely in 
Leicestershire, and to some exfen t in Warwick and 
other places. 

* Exclusive* of the leading fabrics already adverted 
to, an immense variety of woollen, goods are manu- 
factured in various places, only a few of which can 
he noticed here. Baize and flannel .arc made at 
Bury, in Lancashire; baize, coarse cloth, and blankets, 
at Chichester, in. Sussex. Salisbury produces flannel 
in small quantity. Blankets are made at Dewsbury, 
Witney, Dulverton, &c. ; but with reject to Witney 
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chinery, t^e t chief part of the blankets sold at its 
iparkets are made in Glamorganshire* # 

The Ynaifufacture of carpets, druggets, and woollen 
and worsted stockings, ivill be noticed in a separate 
treatise. 

The woollen manufacture of Wales is principally 
situated in the counties of Montgomery, Merioneth, 
and Denbigh. Tts products consist of webs* flannels 
(the most important article of ^Velsh manufactures), 
stockings, socks, wigs, and gloves. In many parts of 
Wales almost every small farmer makes webs, and 
few cottages arc without a loom. 

The woollen manufacture of Scotland is incon- 
siderable. Fine cloth is produced in various parts 
of Aberdeenshire, and in some other counties ; but 
coarse cloth is the staple article of Scotch manufac- 
ture. Some of the woollei} spinning mills and fac- 
tories at and near Aberdeen are upon a large scale. 

In Ireland the woollen manufacture is in a very 
depressed state,' owing in great measurc fi to the un- 
settled state of the country- 

With respect to the health of the operatives 
employed in woollen factories, a favourable opinion 
may be given. Mr. Thackrah states that slubbers™, 
and spinners are robust and healthy. Some of the 
other departments are less favourable ; but on the 
whole, there does not appear to be anything in the 
manufacture itself which Is prejudicial to health. 
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rked, that since the introduction of ma- 
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THE MANUFACTURE OF HOSIERY. 


HISTORICAL NOTICE OF KNITTING AND OF THE 
KNITTING FRAME. 

In the manufacture of woven cloth a number of warp 
threads are extended parallel to each other, and the 
weft is thrown across so as to interlace with them. 
In knitting, whether by hai/d or by machine, a single 
thread is entwined so as to produce a tissue resem- 
bling cloth. Netting resembles knitting, inasmuch 
as a net is composed of a single thread ; but a net is 
composed of distinct meshes, formed by tying the 
thread or cord into hard knots, at tjiose points where 
it crosses upon itself ; whereas a m knitting, the 
thread is ^formed into a succession of* loops, which 
run into each other, without being tied into knots, 
^.'hus one of the meshes of a net may be broken 
without injuring the others ; but^if the thread of a 
stocking be broken, a hole is produced which con- 
tinually enlarges from the unlooping of the thread. 

Knitting and netting are familiar occupations much 
more easjf to learn than to describe in writing. 
Beckmann, who gives a pleasing list of the advantages 
of knitting, advises those who wish to learn the art 
to get some person to instruct them. ^Jpr,” he sayg, 
“ it is to be reckoned among the advantages of the 

( 14 .) A 


2 


ARTS AND MANUFACTURES* 


present age, that a readiness in knittihg is Required 
as a pari of female education in all ranks ;* and it taayi 
be easily acquired even tby* children, with the assist- 
ance of an expert and indulgent instructress* * , * * 
This occupation, which, with a little practice, becomes 
so easy that it may be called rather an amusement, 
does not interrupt discourse, distract the attention, or 
check the powers of the imagination. It «forms a 
ready resource when a vacuity occurs in conversation, 
or when a circumstance takes place Vhich ought to 
be heard or seen but not treated with too much 
seriousness : the prudent knitter then hears and sees 
what she does not wish to seem to hear or to see. 
Knitting docs no injury either to the body or the 
mind. It occasions no prejudicial or disagreeable 
position, requires no straining of the eye-sight, and 
can be performed with as* much convenience when 
standing or walking as when sitting. It may be 
interrupted without loss, and again resumed without 
trouble ; and the whole apparatus for knkting, which 
is cheap, needs so little foom, and is so light, that it 
can be kept and gracefully carried, about in a basket, 
the beauty of which displays the expertness, or at any 
rate the taste of the fair artist. Knitting belongs to 
the few useful occupations of old persons, who have 
not lost the use of their hands.” The learned author 
then goes on to. recommend that servants, soldiers, 

J pherds, and the Aiale children' of the peasants who 
|in fit for hard labour, learn to knit, that they may ^ 
n something fpr themselves and their families.,! 
To this it may be added, that netting is a pleasant, 
occupation for the leisure of c the male sex. 

Fishing and hunting nets are frequently mentioned 
in Scripture,J and the ancient Greeks and Romans 
appear to have made their nets much iu« the same 
manner as the moderns. Nor is the art of knitting 

if 4 * Since Beckham’s time, Crochet and other kinds of fancy work 
pave to a greatfyxtent superseded knitting. 

E + History or inventions, voL iv. t Ezekiel xxvi. 14; xliv. 10. 
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fc£ts of fine yata, silk, or cotton, for thfe purpose of 
fireBs or ornament, a modefn invention. ^Beckmann 
says , — “ I remember to have seen in old churches 
retiform bangings, and on old dresses of ceremony 
borders or trimming of the same kind, which fashion 
seems alternately to have banished and recalled.” In 
the middle ages the mantles of the clergy had often 
coverings of silk, made in the same manner as fishing 
nets. 

The art of kniiting stockings was a more ingenious 
and a later invention than netting. The Romans, 
and most of the ancient nations, had no particular 
clothing for the lower -part of the body ; but the peo- 
ple who inhabited northern countries had hose, or 
trowsers, which only a few centuries ago were con- 
verted into two articles of dress. The first stockings 
were of cloth, and were made by the tailors ; their 
appearance of course being much more clumsy than 
our knit stockings, which, from their plastic nature, 
fit tightly to* the leg, without impeding a person in 
walking. 

In old Saxon figures a bandaged stocking is very 
common, resembling in appearance the 'Highland 
. stocking. It was in common use among the shep- 
herds and country people of Franco during the 
fifteenth and sixteenth centuries. This part of the 
dress was made of white linen and called des liwyettes , 
a name also^epplied to a part of the ancient costume 
- of the women of the Pays de Caux, that covered the 
aijp. The coitfadini of the Apennines at the present 
day wear a kind of stocking bandaged all the way up.* 

The art of knitting stockings is supposed by Savarv 
to havb been invented in' Scotland in the sixteenth 
century, from the circumstance that when the French 
stocking knitters, in 1527, became numerous enough 
to form a guild, they chose for their patron St. Fiacre, 
a native of Scotland ; and there is also a 
the first knit stockings seen in Fran 
* Archseologia, vol. xxiv. 
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^Scotland.' Cfther writers support the ^pinion* founded 
on thtf following passage 1, .in Howel’s History of the 
World, (which was printed fei 1680-85,) that the art 
of knitting stockings came from Spain. Speaking of 
the costliness of silk in ancient times, the author goes 
on to say : — “ Silk is now grown nigh as common as 
wool, and become the cloathing of those in the kitchen 
as well as the court : we wore? it only on cfhr backs, 
but of late years on our legs and feet, and tread on 
that which formerly was of the same value with gold 
itself. Yet that magnificent and expensive prince 
Henry VIII. wore ordinarily cloth-hose, except there 
came from Spain, by great "chance, a pair of silk 
stockings. King Edward, his son, was presented 
with a pair of long Spanish silk stockings by Sir 
Thomas Gresham, his merchant, and the present was 
taken much notice of. Qfiecn Elizabeth, in the third 
year of her reign, was presented by Mrs. Montague, 
her silk woman, with a pair of black knit silk stock- 
ings, and thenceforth she never wo*e cloth any 
more.” 

This information is confirmed by Stow, who also 
states that the Earl of Pembroke was the first noble- 
man who wore worsted knit stockings. In 1564, 
William Rider, an apprentice of Master Thomas 
Burdet, having* seen in the shop of an Italian mer- 
chant a pair of, knit worsted stockings from Mantua, 
borrowed them, and made a pair exactly like them, 
and these are said to have been the first stockings of 
woollen yarn knit in England. 

Very soon after the art of knitting stockings was 
known in England, it w^is adopted ,as a domestic 
employment. When Queen Elizabeth visited Norwich 
about the year 1579, several female children appeared 
before her, some of whom were spinning worsted yarn, 
and others knitting hose of the safloie material. 

iNbt mapv years after the introduction of knitting 
* into EngL^m, an attempt was made to expedite the 
work by 'machinery. The history of the stocking 
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frame i& some$]iat obscure, but most writers admi^ 
the truth of the inscription to a picture contained in 
the Stocking Weaver^ Hail, in Red-cross-street, 
London, representing a man pointing to an iron 
stocking frame and addressing a woman who is knit- 
ting with needles by hand. The inscription is as 
follows : — “ In the year 1589 the ingenious William 
Lee, Master of Art£, of St. John’s College, Cam- 
bridge, devised tfyis profitable art for stockings, (but 
being despised, went to France,) yet of iron to himself, 
but to us and others of gold ; in memory of whom 
this is here painted.” 

This William Lee'* (or Lea as it is sometimes 
spelled) was a native of Woodborough, in Notting- 
hamshire, According to one account he was expelled 
from the University for marrying contrary to the 
statutes, and having no other means of support than 
his wife’s earnings as a stocking knitter, he contrived 
his frame for the purpose of performing the work 
quicker. Bftt, according to a tradition in the neigh- 
bourhood of Lee’s birth-place, he is said to have first 
learned the art of knitting from watching the dexte- 
rous movements of the hand of a lady whom he was 
courting, and then conceived the idea of making 
artificial fingers for knitting many loops at once. 
With the natural ardour of an inventor, he devoted 
his days and nights to the accomplishment of his 
scheme, anfi having succeeded, * he instructed his 
brother James in the use of the frame, and proceeded 
t g> make a profitable application of lus invention, first 
at Calverton, a village near Nottingham, and shortly 
after in London. In thejatter place he succeeded in 
obtaining the notice of Queen Elizabeth, who, accom- 
panied by her kinsman, Lord Hunsdon,*‘and his son, 
is said to have actually visited him in order to see 
him work at his frame. The queen expressed her 

* According 1 to Mr, Felkin, Lord Hunsdon ente^jl into a kind of 
partnership with Lee, and thus one of the Tudor family became the' 
first stocking-maker’s apprentice. 9 
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disappointment that he was making Jkoollem instead 
of silk* stockings, and refused to make him either af 

S ant of money or to give hiA a patent of monopoly. 

er answer to Lord Hunsdon, who interceded in his 
favour, is said to have been : — “ My Lord, I have too 
much love to my poor people, who obtain their bread 
by the employment of knitting, to give my money to 
forward an invention which will tend to thfeir ruin, 
by depriving them of employment,, and thus make 
them beggars. Had Mr. Lee made a machine that 
would have made silk stockings, I should, I think, 
have been somewhat justified in granting him a patent 
for that monopoly, which wouM have affected only a 
small number of my subjects ; but to enjoy the exclu- 


sive privilege of making stockings for the whole of 
my subjects, is too important to grant to any indi- 
vidual. * 


Hoping to obtain a patent for his machine, if he 
adapted it to the making of silk stockings, Lee set to 
work to produce the desired result, and about the 
years 1596-7 succeeded in making plain silk stockings 
from a twenty-gauge silk frame. « He erected nine 
frames, which were worked by apprentices consisting 
chiefly of his relatives, who esteemed it so high an ho- 
nour to belong to the new craft, that they wore their 
working ngj$|pes 4< with ornamented silver shafts, sus- 
pended ffj^'lfailyer chain at their breasts. The death 
of the quefej^flbwever, again blighted the h6pes of Lee, 
and som£ time afterwards, when Sully came to London, 
as ambassador for Henry IV. of France, on a special 
mission, he made Lee very splendid offers to induce 
him to remove himself and Jiis machinery to France. 
The disturbed state of that country led him at first to 
decline the offer, but some years afterwards, finding 
that the king, J ames I, was even more unfavourably 
disposed to his invention than Elizabeth had been, he 
removed the whole of his machinery and workmen to 
Ilouen, in J&*rmandy. Having established his frames 
in that cityyhe went to Paris, and had the honour of 
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a personal introduction to Henry IV. eft tne hands of 
• the Duke of Sully. Every thing seemed to promise 
success ; but the troubles consequent on the murder 
of the king destroyed Lee’s prospects ; he was pro- 
scribed as a Protestant, and was obliged to seek con- 
cealment in Paris, where he died in poverty and 
distress. Lee’s brother, and all the -workmen except 
two, fotmd their way back to England. The two 
who remained were allowed to retain one frame ; the 
other frames were brought to England, and one of 
them appears to have been sold to a person named 
Mead, in the city of London. 

The attempt which had been made by Sully to 
plant the infant manufacture in France, was also 
made by the ambassador from Venice in favour of 
that city, then the most commercial and manufacturing 
in the world. He paid •Mead the sum of 500/. for 
the purchase of his frame, and his personal superin- 
tendence of it at Venice. But as ho, could not make 
his own neadles, nor repair his frame, his work was 
soon brought to a stand. The Venetians also failed 
in their endeavours to copy the machine; and as 
Mead, at the expiration of his engagement, insisted 
oil returning to London, the whole scheme of Vene- 
tian frame- work knitting was abandoned. This was 
about the year 1621. # 

After the return of Lee’s work-people to London, 
they did ?iot rerj^tin idle. Thrcsugn their means the 
number of frames and frame-work knitters increased 
Rapidly, so fjiat early in the seventeenth century the 
frame-work knitters resident in I?ondon, which was 
then the principal seat of the manufacture, formed 
themselves into a company, and petitioned Cromwell 
to constitute them a body corporate. In their memo- 
rial they *tfated that their trade was “ properly styled 
frame-work knitting, because it is direct and absolute 
knit-work in the stitches thereof, nothing different 
therein from the common way of knitting, (not much 
more anciently for public use practised & this nation 
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than this,)*but only in the numbers ofrneedlesk, at ah 
iflstant working in this mote than in the other by an • 
hundred for one, set in a n engine or frame composed 
of above two thousand pieces of smith’s, joiner’s, and 
turner’s work, after so artificial and exact a manner, 
that by the judgment of all beholders it far excels in 
the ingenuity, curiosity, and subtilty of the invention 
and contexture, all other frames or instruments of 
manufacture in use in any known part of the world.” 

The Protector does not appear to # have paid any 
attention to this petition; but immediately after the 
Restoration it was renewed, and at length, in 1663, 
the petitioner obtained a charter which was to come 
into operation in the following year. 

This charter gave a great impetus to the trade in 
London and its neighbourhood ; the prices of admis- 
sion to the Company were low, and the number of 
applicants large. The master, wardens, clerks, assist- 
ants and deputes were the only parties who were 
electors ; and the assistants, at the end of forty years, 
were composed partly df fiame-work knitters, and 
partly of persons who had bought their livery for the 
sake of the vote. The Company had a large income, 
arising from the fees for registering apprentices, 
enrolling freemen of their Company, and levying of 
fines; which incqme was further increased by the 
premiums for the sale of freedoms and of the livery. 
As the Company *wae restricted frqjp holding more 
than 100/. a year, they managed to get rid of the 
large surplus in various ways. The people in thos<^ 
days were very fo&d of gorgeous prooessions, and the 
chartered trade companies made a grand display at 
the installation of each Lord Mayor of London, on 
the Ninth of No\ ember, when they proceeded through 
the streets of the city to Blackfriars-bridgp, whence 
they embarked on the water to W estminster-hall, 
where the Lord Mayor took his oath of office before 
Barons of uie Exchequer,— a custom still extant, 
mine Framework knitter’s Company soon emulated 
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the pomp of tl^ other Companies. “'A gilt barge 
•was built, rowed by twenty watermen *ii\ splcndicl 
liveries, accompanied fty a ftumerous band of musi- 
cians, and adorned with magnificent flags, bearing the 
arms of the Company emblazoned, which are a repre- 
sentation of the stocking frame without the wood 
work, having the web on the frame* divided at the 
heel. The supporters are a clergyman, dressed in 
the Cambridge habit, and a woman habited in the 
costume of ] 665. The motto is f Speed, Strength, 
and Truth united.’ A new hall was built in Red- 
cross-strcet wherein to transact the concerns of the 
Company, and they scarcely ever met upon business, 
but they had a sumptuous feast prepared. To sup- 
port this pageantry and extravagance considerable 
sums of money became necessary, and the fees for 
enrolment of apprenticed and taking up the freedom 
were raised to a sum which was considered exorbitant.” 
The trade had by this time extended to Leicester, 
Nottingham^ and Derby. The Nottingham deputies 
held their Court monthly, and being urged by the 
Company in London, acted with considerable rigour 
in their office, and endeavoured to prevent' the exten- 
sion of the trade. Two assistants were sent from 
London quarterly, for the purpose of enforcing their 
authority, and collecting fees and fines. 

As it \^as an object with the Company to retain 
the seat oi the manufacture in L<Jndon, the Company 
became an object of dislike to other towns, and 
^tempts were made to set its autli^rity at defiance. 
The bye-laws of the Company had limited the number 
of apprentices to the rate of three for one journey- 
man. Many persons had infringed this regulation : 
some removed their frames to Nottingham, among 
whom one*»amed Fellowes was stated to have no less 
than forty -nine apprentices; others took an almost 
unlimited number of parish apprentico$,*with whom 
a premium of £5 was given. The London Company 
endeavoured to check this system by le^kl proceed- 
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ings, in which, after a very' long conlfest, they were 
defeated. The consequences were disastrous to the* 
journeymen, whose place*was almost entirely occupied 
by the apprentices ; the poverty of the journeymen 
soon became proverbial, and “ as poor as a stockinger” 
was heard as early as 1740. 

In 1745 the Oompany made a new set of bye-laws, 
and endeavoured to enforce tbefn ; but the trade at 
Nottingham refused to submit, petitioning Parlia- 
ment against them as being contrary to the general 
liberty of the subject, and injurious to the trade. In 
1753, a Committee of the House of Commons reported 
that the statements of the petitioners had been 
proved, and thus the authority of the Company was 
annihilated. 

It will not be necessary to trace the history of the 
stocking trade further, except to enumerate the num- 
ber of frames existing at different periods, which will 
give some idea of the extent to which production has 
increased. It must, however, be borne ifi mind, that 
in recent times the frames arc broader than those 
formerly in use, and are moved with increased speed ; 
circumstances which produce a larger proportional 
quantity of work. 

In the year 1669 there were 660 frames in the 
trade, of which number 490 were in London, three- 
fifths of the whole being employed in thg manufac- 
ture of silk goods. • In 1710 a litmdred frames were 
destroyed in London on account of disputes about 
wages, and in 17^4 there were 2,500 frames in Lon- 
don, 600 in Leicester, 400 in Nottingham, and 
about 8,000 throughout all England. From, this 
time the trade began to leave London, and in 1753, 
when the total number of frames in England was 
14,000, the number in London was only 1?,T)00, while 
the number in N ottingham had rifen to 1,500, and 
in Leicester, I *000. By this time the manufacture 

thread, as well as India and home-spun cotton, 
%ad extended over the counties of Nottingham and 
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Derby* The^irst pair of cotton stockings made in 
t England was at Nottingham, in 1730. • j 4 
In 1782 the total number of frames amounted to 
20,000, in 1812 to 29,590*, and in 1832 to 33,000. 

In 1844 the frames in employ in the United King- 
dom were estimated at 42,652, and those unemployed 
at 5,830, making a total of 48,482. • 

Aboht the year H56, Jedediah Strutt invented a 
machine for making ribbed stockings, and in con- 
junction with liis brother-in-law Mr. Woollatt, a 
hosier of Derby, took out a patent for the same. 
This improvement led to several others, such as open- 
work mittens, and 4ancy articles in the stocking 
stitch. But with the exception of this addition, the 
stocking frame seems to have reached a nearly per- 
fect state about the year 1714. Lee’s frame has the 
singular merit of having been the first invention 
successfully used for superseding hand labour, by the 
use of a machine, in making clothing. It is an 
honourable proof of the constructive genius of Lee, 
considering the early date of the invention, when so 
few machines were in existence to afford him aid, and 
when the numerous resources of modern mechanical 
science were unknown. Additions to the frame were 
made by Aston, a miller, of Thoroton, in 1620; by 
Needham, in 1670, and also by Hardy, in 1714, both 
London^frame-work knitters; syice which it, has 
acquired ho new powers, but continues to be worked 
, by hand, not because it is incapable of the application 
jof steam power, but on account of ^he abundance, and 
consequent cheapness of hand labour ; the supply of 
frame-work knitters fpr many years past having 
greatly exceeded the demand for them. 


fSame-work knitting. 

Frame-work knitting is, for the most part, # a 
domestic branch of industry, and has no connexion 
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with the faetoly system. The stocking weavers of 
Nottingham* and its neighbburhood live, for the most • 
part, in their own houses#or rooms, and are furnished 
with frames, either by the wholesale dealers or 
hosiers, who pay after a certain rate for work per- 
formed; or by a class of middlemen, called master 
stocking-makers,. who charge a certain sum for the 
use of their frames, without reference to the quantity 
of work performed. These frames are protected by 
law from distress for rent and from execution for 
debt ; the master stocking-makers collect the work, 
pay the operatives, and transfer it to the wholesale 
dealers. « 

In some instances, however, there is an approach 
to the factory system; when one master stocking- 
inaker is the owner of several frames, which he 
collects under one roof, an&l engages operatives to 
work at them, paying for the amount of work 
produced. Such is the case at the establishment 
at Nottingham visited by the writer. « Here the 
looms are collected in ‘the upper story of three 
houses, all the rooms $f, which communicate with 
each other, but are stalt off from two of the houses 
of which they forma part, communication being 
made to them by the central house only. The rooms 
arc lighted by a j-ange of windows both front and 
back, alongside of which the frames are situated, 
from seven to nine in each room} the central space 
being unoccupied. One room is devoted to wind- 
ing and preparing the silk thread, seaming the**, 
hose, &c. At this establishment silk hose is pro- 
duced, which being the begt description of work 
fetches the best prices. A natural consequence of 
this is an air of comfort about the place, showing 
that the people have time to keep their .workshop 
tidy. Very different is the appearance of the rooms 
where cotton, ly'sc is made. For this the lowest rates 
o£ remuneration are paid ; and we sec a number of 
large heavy teoma crowded into one dark dingy room, 
where the operatives, incessantly labouring fourteen 




The stocking-frame is an exceedingly complicated 
machine, the number of moving parts being very 
great, and collected together in a very £mall compass. 
In the construction of a frame the nicest workman- * 


14 


ARTS AND MANUFACTURES** 


ship is required ; any little derangement, such as the 
binding of a needle, rendering the whole machine un- * 
serviceable. The separate parts of the machine are 
made by the frame-smith, and are then put together 
by the setters-up , a class of workmen whose business it 
is to put in order any frame which by accident or ill- 
usage has been deranged ; but in all ordinary cases 
the stocking-maker has to keep his frame in forking 
order. The setters-up have about the same relation 
to the frame-smiths that the watch-makers have to 
the makers of the works, or the tuners of the piano- 
forte to the makers of that instrument. Although 
liable to derangement, the frames are very durable, 
many of those now in use having been made in the 
reign of Queen Anne. 

It is scarcely possible, by a written description, to 
convey a complete idea of fee stocking fraif|JS;; but 
by attending to a few of the most important working 
parts, the reader will be able to form an idea of the 
principle of this complex machine.* • 

In hand-knitting, two straight wires, called knitting 
needles, are used, and the operation consists in forming 
a series of loops upon one needle and inserting them 
within another series contained upon the other needle. 
This is effected, by four movements : — 1. Pushing 
the right-hand needle through the first loop of the 
left-hand needle. , 2 . Turning the thread onpe round 
the right-hand needlej to form a n<5w loop. 3. Draw- 
ing the new loop through one of the former series. 

4. Pushing the ol$ loop off the left-hand needle. ^ 
When one row of loops is completed the needles are 
made to change hands, and g, new course is com- 
menced. 

In knitting' by the stocking frame a number of 
needles is employed which varies according to the 
fineness of the work, from fifteen *to forty being 
contained in yich ; the largest number being used 

* 

^*The most elaborate and by far the best description which the 
writer has seen of the stocking frame, is that contained in Rees’s 
‘Cyclopedia, to which he desires to express his obligations. 
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for the finest* stockings. t They are 'made of iron 
wire, of the shape represented in the figure, witli a 



FIG. 1. NEEDLE OF THE ACTUAL SIZE. 

hook or barb at the end, and the sharp ends very fine 
and delicate. Thefe is a small cavity or groove 

punched or sunk in the 

stem of each needle im- ^ 

mediately beneath the Fig. 2. 

barb, of sufficient d$pth to receive the point 
when pressure is applied upon the hook to bend 
the barb down. The barb then becomes a closed 
eye, and ff a thread is looped over the stem of the 
needle and drawn forwards while the barb is thus 
closed, it will pass over the barb of the needle and 
come off at the end of it : but if the thf-ead is drawn 
forwards while the barb is open, it will be caught 
under the hook, and thus be detained. The principal 
action of the machine depends »upon this circum- 
stance**, The depression of the barbs of the needles 
is produced by the edge of d presser-bar, which is 
extended horizontally over the whole length of the 
> needles, and is acted upon by pressing the foot upon 
the middle one of the three treadles of the machine. 

.The needles are fitted into the frame by being 
first cast into tin sockets, called leads % The form of 
the needle, when complete and fitted to its place in 
the frame, is shown in figure 1, which also shows 
a section of th£ presser-bar. In front of the needle- 
bax is a small piece of iron, ca&ed the verge, to 
regulate the position of the needles. When placed 
upon the bar, resting against the vergtf, another plate 
of iron, generally lined „with soft leather, is screwed 
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down upon\he‘sockets or leads, in ordef to keep them 
alfr fast. • When the presser-bar is forced down upon 
the barb, the needle is shut, and when the presser- 
bar rises, the barb rises or opens by its own elasticity. 
Figure 3 represents a single thread (R) formed 



Figure 3. 

into a number of loops by arranging it over an equal 
number of parallel needles (ljji ; these are retained or 
kept in the form of loops by being drawn or looped 
through similar loops formed by the thread of the pre- 
ceding course of the work (S S). This is the common 
stocking-stitch used for plain hosiery ; and the whole 
operation of the common stocking f;ame consists in 
the formation of a series of loops, and then drawing 
them successively through a scries of other loops, as 
long as the work is continued. There are many 
different kinds of stocking-stitch used for ornamental 
hosiery, each requiring a different frame or machine 
to produce it. „ 

The next part of the machine requiring descrip- 
tion is that for forming the loops. This ( consists of 
two parts, the jack-iijikers and the lead-sinkers. The 
jack-sinkers consist of a succession of horizontal 
levers or jacks (7/,) moving upon a common centre; each 
jack is furnished with a joint, from which hangs 
a v very thin plate of polished iron called a sinker . 
One of these jacks and sinkers is allotted to every 
alternate needle ^n the frame, the sinkers hanging 
*loTyn between them. The other ends of the jacks 
argjltapered to a point; and when the jacks are in 
t$jiir horizontal position they are secured by small 



THE* MANUFACTURE OF HOSIERY. 17 

iron springs each having a notch to receive the 
$)oint of the jack. 1 , <, *• 


• i 



Figure 4. 


The lead-sinkers resemble the jack-sinkers, but are 
differently attached; for while the jack-sinkers ad- 
mit of being raised or lowered separately, the lead- 
sinkers Ui’e all fixed to one bar, palled the sinker-bar, 
and must be raised or lowered all together. The lead- 
linkers are, placed alternately between the jack- 
sinkers; hence it follows, that Ubtween every two 
sinkers throughout is one needle. 

The jack-sinkers befog elevated so as to bring k 
their nips (/) above the level of the needle, the thread 
is loosely thrown under these nips. Now it is 
obvious that on lowering the jacks a series of loops 
will be formed (see figure 3) ; but if the jacks were 
all lowered at once there would b§ danger 6f de- 
stroying the tliread, an accident which is avoided by 
a very ingenious contrivance. A straight iron bar (l 9 
figure 4), called the slur-bar, is extended beneath all 
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the jacks, and* upon this a piece of met^jl (m), called the 
dur 9 travel** with rol- 1 * 

lers ; motion is given 
to it by a cord attach- 
ed to each side of it, 
passing over a pulley 
(n), and connected, by 
means of a wheel, with 
the two outer treadles 
of the frame. By this 
means, the slur is made 
to travel backwards 
and forwards, thus low- 
ering only one jack- 
sinker at a time, and 
depressing one loop of 
thread between every 

1 )air of needles. The 
oops thus formed are 
of double the dep'th re- 
quired ; in order, there- 
fore, to bring them to 
the proper size, and to 
throw a loop between Figure 5 

every two needles in 

the frame, the workman next depresses the lead-sinkers 
all at once, and their nips (//) carry down the thread 
between the remaining needles in« loops. While this * 
is being done, the jack-sinkers are made to rise up as 
much as the lead-sinkers are depressed ; .thus makings 
all the loops throughout of the same size, and forming 
a loop between every two needles. This row of loops 
is next driven back upon the needles, (to S S Fig.' 3,) 
so as to come below the arch or opening of the 
sinkers, (S S Fig. 4 and 5.) Here the doops are 
entirely removed from the action *of the sinkers, 
and the workman proceeds to form a new row in 
front 'of the former, by a repetition of the process 
|a!ready described. This second row of loops is then 
ifbrouflht forward, so as to be under the barbs or hooks 
’ ^ftthemeedles. The presserMbar is next made to close 
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the barbs witj| the thread within them/ The first 
formed loops are now brought forward . from undvir 
the arch, upon the closgfhneedles, and are made to 
pass over the ends of the needles, and the new-formed 
loops within them. By this means the loops of what 
was the upper or last course of the finished work be- 
come secured, and the loops under the barbs now 
become the upper ceurse, and are preserved from un- 
ravelling by the needles, one of which passes through 
each loop; and these loops will not be drawn off 
from the needles until there is another row of loops 
prepared and ready to be drawn through them. 

This description of working the courses of loops 
within each other will perhaps be more intelligible 
if we follow the workman in another course. Pre- 
paratory to this, the loops of the last course, and by 
which the work is suspended from the needles, must 
be pushed back upon the stems of the needles, so as to 
come into the arched or open part of the sinkers (S S) ; 
another raw of loops is then formed and brought 
under the barbs ; the barbs? are then closed, and the 
row of loops under the arch is brought forward over 
the barbs, and over the ends of the needles, whereby 
the loops under the barbs are drawn through the 
loops which pass over the barbs, and thus, by a sort 
of circular motion, a web is formed which hangs down 
from the needles. When the piece is of considerable 
length'll is wound upon a roller eftntained in an iron 
frame, the weight of which is sufficient to keep the 
web property stretched. 

Let us now briefly recapitulate the various move- 
ments of the frame required in stocking weaving. 
Supposing the workman has put the work back on 
the needles, preparatory to another course, the first 
movement is the gathering of the thread . The thread 
is lightly extended across the needles, beneath the 
nips (/) of the sinkers, and by pressing the slur-treadle 
the jack-sinkers are depressed, one of one, so as to 
form double loops ; this is called drawing the jacks. 

The second movement is called sinking . The whole 
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row of lead-sinkers is depressed, while t]^e jack-sinkers 
rise, whereby the thread iii carried down into a loop 
between every two needle 4 T • 

The third movement is to bring the thread under 
the barbs of the needles. 

The fourth movement is to bring the work for- 
ward from the ^sterns of the needles towards the 
barbs. * • 

Fifth , closing the barbs by the pressure of the 
presser-bar, and drawing the loops last made through 
the finished loops of the work. The finished loops 
are drawn over the barbs, and quite off from the 
needles ; this draws the finished Joops over the loops 
last made, which remain in the barbs of the needles. 

There are many details respecting the stocking 
frame, which, for the sake of clearness, have been 
omitted in the foregoing description. A few of them 
may now be noticed. The bobbins which supply the 
workman with thread, are in the case of silk hose con- 
tained in a small' covered 
barrel at the side of thef 
frame : this barrel holds 
a small quantity of water, 
the evaporation of which 
keeps the thread suffici- 
ently damp for working. 

It is drawn out as it is ~ 
wanted, through a holje in 
the cover of the barrel. 

In cotton iiose, the bobbin containing ttye thread is 
merely placed on aff iron spindle, fixed in one of the 
upright beams of the frame. The jacks with their 
springs, and the slur-bar, are mounted upon a stro'ng 
bar called the mmel, which moves upon four wheels, 
forming a sort of carriage, capable of being pushed 
backwards and forwards through a small space. In 
bringing a row of loops forward, so as to be under 
the barbs or hefo^s, the carriage is simply drawn for- 
ward, which advances all the sinkers together, and 
their points (^,’figs. 5 and 6,) push forwards the thread 
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•till it ponies into the barbs, and these prevent it from 
coming off the^heedles. The jacks also admit of being 
depressed by the worjoe&n^s hand, and they recover 
their position when relieved, by the action of a steel 
spring. In pushing the work back upon the stems of 
the needles so as to come into the arched or open part 
of the sinkers, the hosier depresses the sinkers low 
enough for their point (t) to enter between the needles, 
and then, by pushing the sinkers back, the thread is 
driven back wkh them. 

The fineness of the work depends on the number 
of loops which the thread makes in any given length, 
and this will be eqqal to the number of needles and 
sinkers in the same space. The number of needles 
in an inch is called the gauge of the frame, and when 
once this is fixed it can never be altered ; hence the 
work which it produce^ will always be of the same 
degree of fineness, so that when a stocking-maker has 
once purchased his frame, he is always limited to the 
same kind of w r ork ; he may, however, make it a 
little more dense or more slight, by drawing the loops 
very close, or by allowing a greater quantity of 
thread, and making the loops longer. The length of 
the loops will depend upon the depth to which the 
nips of the sinkers descend between the needles 
when they carry down the thread* into loops. To 
regulate this depth, the falling *bar, or that piece 
whiclT sustains the leads cojitrfining the row of 
needles, is made to rise or fall a slight quantity, by 
means of two adjusting screws. 

When the piece of work is finished and taken off 
from the frame, the last made row of loops must be 
sdbured by running a fhread through them, or by some 
other means, or they would escape by drawing 
through the preceding loops, and these in like man- 
ner would release the previous ones, until the whole 
became unravelled. * 

The working of the frames is one’ of considerable 
toil, but does not for ordinary goods require itfuch 
skill and training. The employment is said to be 
injurious to the sight. 
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THE MANUFACTURE OF LACE. 


HISTORICAL NOTICE OF LACE, AND OF THE 
BOBBIN-NET FRAME. 

Tiie word lace is said to be derived from the Latin 
lacinia , the guard hem ofr fringe of a garment ; it is 
a kind of net-work of threads of gold, silver, silk, 
flax, or cotton, forming a kind of transparent texture, 
which, until within a few years, was made at so slow 
a rate, and consequently sold for so high a price, that it 
could only be worn by wealthy persons. 

The origin of this delicate fabric is very obscure. 
There is evidence that it was worn by the Grecian 
ladies, and from the derivation of the word it was 
probably known to the Romans. It was worn at an 
early period in Venice, and the neighbouring states of 
Italy, and it is suffposed that Mary of Medicis was 
the first to introduce it into France ; but it was known 
4n England as early as 1483, in wjiich year it is in- 
cluded in a list of "articles prohibited to be imported ; 
an qpt probably intended to favour the home manu- 
facture ; but as pins (which were quite necessary in 
making lace) were not used in England till 1543, the 
manufacture must have been coarse and limited. 
There is a tradition that the lace manufacture was 
introduced into this country by son: 3 refugees from 
Flanders, who settled at Cranfield in Bedfordshire ; 
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“ but there is- no certain evidence that we are indebted 
to the, Flemings for the original introduction of this, 
beautiful art, although fr&n them we have undoubt- 
edly derived almost all the different manufactures 
relating to dress. We have however imitated many 
of their lace fabrics, and greatly improved our manu- 
facture at various periods, from the superior taste 
displayed in the production of this article in 4he Low 
Countries.”* In 1640 the lace trade was a flourishing 
concern in Buckinghamshire, and <So greatly had it 
advanced in England, that by a royal ordonnance in 
France, passed in 1660, a mark was established upon 
the tlircad-lace imported from this country. 

Pillow or bobbin-lace, the original manufacture, 
was usually made of thread or silk woven into a net, 
the meshes of which formed hexagons, octagons, &c. 
according to the pattern. Jins was also ornamented 
by a thread thicker than the rest, called gimp , so 
interwoven within the meshes as to form flowers, 
curves, &c. This kind of lace was made on a hard 
stuffed pillow or cushion, previously covered with the 
pattern drawn out upon a piece of parchment. The 
threads arq, wound upon bobbins, which are small 
round pieces of wood, with a deep groove in the upper 
part for receiving the thread, a separate bobbin being 
used for each thread. In order to form the meshes, 
pins are stuck into the cushion, and the threads are 
woven and twisted rpund them. .The patterh on the 
parchment shows where these pins are to be inserted, 
and also^ gives a design for the gimp, # to guide thg 
women in placing it, so that it may be interwoven 
with the fine threads which form the net-work. The 
work is commenced at the upper part of the cushion, 
by tying tho threads together in pairs ; each pair 
being attached to a pin. The bobbins hang down by 
their threads on different sides «of the cushion, 

i 

< * 

* From an excellent artice on Lace, contributed by Mr. Robert 
Stater to M’Culloch’s Commercial Dictionary. 
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two pairs at a time, to be 'twisted together. The 
woman, with one. pair in each hand, twists the bob- 
bins over each other three times, by- which the 
threads of each pair are twisted together, or round 
each other, and this is done with the assistance of 
the finger and thumb of each hanjl at the same mo- 
ment. This twisting forms the sides of the mesh. 
The^ftdjacent bobbins of each pair are then inter- 
changed, in order to cross the threads of these bobbins 
over each ojher, and to make the bottom of the 
mesh. This will be thefc better understood by sup- 
posing the four bobbins to be numbered 1, 2, 3, 4. 
“ 1 is twisted round 2* and 3 is twisted round 4 ; 
then, in order to cross, 2 and 3 are interchanged, so 
that 1 and, 3 come together, and 2 and 4 ; and the 
next time that tjie twisting operation is performed, 
these pairs of threads will be combing together.** 

* Babbage and Barlow, in the Encyclopoedia Metropolitana. * 
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As the meshes or half-meshes are made, they are„ 
secured ..by pins, to prevent the threads from return- 
ing. The four bobbins ^ust noticed are done with 
for the present, and are put on one side of the 
cushion; the two next pairs arc then brought forward, 
and twisted and crossed in the same way ; and the 
work proceeds iq this maimer, till a row of meshes 
is formed sufficient for the breadth of the intended 
piece of lace, and then the bobbins fire all worked 
over again to make another row. 

The women work with great dexterity, but their 
progress is slow, as may be supposed, when it is 
stated that as many as from forty-eight to sixty 
bobbins arc required to every inch of breadth, and 
only one mesh is made at a time. cc Taking the 
threads at fifty per inch, if the piece of lace is one 
in cl 1 wide, it will have twenty-five meshes in the 
breadth, or 625 meshes in each square inch of length, 
or 22,000 meshes in a yard, and the price of a piece 
of lace of this description is seldom more than eigh- 
teen pence.” 

Mr. Slater enumerates the most celebrated laces as 
follows : — l t Brussels, the most valuable, and of which 
there are two kinds ; Brussels ground, having a hex- 
agon mesh, formed by platting and twisting four threads 
of' flax to a perpendicular line of mesh ; and Brussels 
wire ground , made of silk, of which the meshes are 
partly straight and partly arched ^ In both cauc^the 
pattern is worked separately, and set on by the needle. 
2. Mechlin ; a hexagon mesh, formed of three flax 
threads, twisted or -platted to a perpendicular line or' 
pillar. The pattern is worked in the net. 3. Valen- 
ciennes, an irregular hexagon/ formed of two threads, 
partly twisted and platted at the top of the mesh. 
The pattern is worked in the net. 4. Lisle , a diamond 
mesh, formed of two threads, platted to a pillar. 5. 
Aleh$on, called blond ; hexagon of two threads, twisted, 
similar to Buckingham lace, and is considered the 
jtt&st inferior of any made on the cushion. 6. Alen - 
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Pqint ; fojjpied of tw^o threads to a pillar, with 
octagon and square meshes alternately. • * 

The lace represented in«the portraits painted by 
Vandyke in the time of Charles I., and afterwards by 
Sir Peter Lely and Sir Godfrey Kneller, in the 
succeeding reigns, is of the kind called Brussels Point , 
in which the net-work is made by Hbone-bobbins on 
the pillow', and the pattern w r orked with the needle. 
It lias been supposed that the first lace ever made in 
this country, \\*as of this kind. “ About a century 
since, the grounds in use were the old Mechlin, and 
what flic trade termed the wire ground , which w r as 
very similar, if not identical, with the modern Mechlin, 
the principal article in the present French manufac- 
ture. The laces made in these grounds were singu- 
larly rich and durable ; the designs of the old Mechlin 
resembled the figures commonly introduced in orna- 
mental carving. Between se\enty and eighty years 
ago, a great diminution was occasioned by the in- 
troduction *>f the Trolly ground, which was exceed- 
ingly coarse and vulgar, the figures angular, and 
altogether in the v ors t taste. An improvement, how- 
ever, took place about the year 1770*, when the 
ground which is probably the most ancient known, 
was re-introduced ; this was no other than the one 
still in partial use, and denominated the old French 
ground . About 1777, or 1778, quite a new ground 
was«ftUmpted by the inhabitants of Buckingham and 
its neighbourhood, which quickly superseded all the 
others; this ^vas the point groun<L which had (as is 
supposed) been imported from the Netherlands. From 
the first appearance of this ground may be dated the 
origin of the modern pillow lace trade ; but it was 
not until the beginning of the present ’ century that 
the most .striking improvements were made; for 
during the last quarter of the eighteenth centqry, 
the article, though certainly much more light and 
elegant from the construction of the ground, wag 
poor and spiritless in the design. Soon after the year 
b 2 
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1800, a freer and bolder style was adopted ; and from 
that time to 1812, the improvement and consequent , 
success were astonishing*; At Honiton, in Devon, 
the manufacture had arrived at that perfection, was 
so tasteful in the design, and so delicate and beauti- 
ful in the workmanship, as not to be excelled even by 
the best specimens of Brussels lace. During the late 
war, veils of this lace were sold in London i«t from 
twenty to a hundred guineas ; they are now sold from 
eight to fifteen guineas. The effects oi the competition 
of machinery, however, were about this time felt ; 
and in 1815, the broad laces began to be superseded 
by the new manufacture. The*pillow lace trade has 
since been gradually dwindling into insignificance.”* 
It is not easy to estimate the number of persons em- 
ployed in making pillow lace, when the trade was 
most prosperous ; but in a petition from the makers 
in Buckingham and its neighbourhood, presented to 
Queen Adelaide a in 1830, it was stated that one hun- 
dred and twenty thousand persons were dependent on 
this trade ; but the number has since been greatly 
reduced. 

It is said *that lace was made by machinery so early 
as the year 1768, by a stocking weaver of Notting- 
ham, named Hammond. Being of dissipated habits, 
and without money, credit, or employment, the idea 
occurred to him, while looking at the pillow lace on 
his wife’s cap, that he could make such an article by 
means of his stocking frame. He appears to have 
succeeded in producing a machine which was called a 
pin machine , for making single press point net, in imi- 
tation of Brussels ground. This machine is no longer 
used in England, but is in use in France in the v ma- 
nufacture of net called tulle . Hammond’s success 
stimulated other workmen to investigate the lace- 
making capabilities of the stocking frame ; and it 
soon became a ..common amusement of their leisure 


* See tha concluding paragraph, p. 48, supra. 
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hours to form new meshes on the hand, in the hope 
of finding a method of producing a complete kexag<Jn, 
a thing not as yet aacomjjished. The warp frame , 
for making warp lace , was introduced in 1782, and in 
1799 was made the first attempt to make bobbin net 
by machinery. These contrivances enabled the stock- 
ing weavers to produce an inferior kind of lace with 
such fiacility that they could greatly undersell the 
pillow lace makers, whereby the demand for lace 
was increased,* and Nottingham soon became the 
centre of a new and thriving trade. 

The attempt to produce bobbin net by machinery 
does not appear to have been successful until the year 
1809, when Mr. Ileathcoat obtained a patent for a 
frame, which is said to have been suggested, if not 
invented, by a workman employed in making ma- 
chinery for producing filling nets, who, taking advan- 
tage of a hint which was given to him by a child at 
play, was led to the idea of making lace by warp and 
weft, by arranging the warp threads in parallel lines, 
and disposing the diagonal Veft threads upon small 
detached bobbins, capable of passing round the ex- 
tended warp threads, so as to twist with them. At 
a trial in one of the courts of law, to which this patent 
gave rise, Mr. Brunei, the engineer, appeared as wit- 
ness, and said, that when the inventor had separated 
one half of the threads, and placed them on a beam 
as wftrp threads, arid made the bobbins which carried 
the other half of the threads act between those warp 
threads, so as to produce Buckingham or pillow lace, 
the lace machine was invented.* 

This invention having seriously affected the manu- 
facturers of pillow lace* the new machines became the 
object of attack by the workmen, who, under the 

• m 

* In a note to th\g paragraph by Mr. Fclkin, who kindly revised 
this treatise preparatory to publication, he says— “ .After* many 
months' laborious research, I can find not any\r#und to doubt that 
Heathcoat was the real inventor of the machine for making twisted 
iacc : to him Brunei refers.” * 
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name of “ Luddites,” maintained for^a considerable 
time a combination against them. Mr. Ileathcoat 
removed to Devonshire, where he raised the bobbin- 
net manufacture into importance. On the expiration 
of his patent, in 1823, the manufacture revived at 
Nottingham. Persons of all classes embarked their 
capital in the lace manufacture ; “ prices fell in pro- 
portion as production increased ; but the demand was 
immense ; and the Nottingham lace frame became 
the organ of general supply, rivalling atid supplanting, 
in plain nets, the most finished productions of France 
and the Netherlands.” The earnings of the work- 
people were enormous, “ and it . was no uncommon 
thing for an artisan to leave his usual calling, and be- 
taking himself to a lace frame, of which he was part 
proprietor, realize by working upon it 20s. 30s. nay, 
even 40,9. per day. In consequence of such wonder- 
ful gains, Nottingham, the birth-place of this new art, 
with Loughborough, and the adjoining villages, be- 
came the scene of an epidemic mania. Many, though 
nearly devoid of mechanical genius, or the construc- 
tive talent, tormented themselves night and day with 
projects of bobbins, pushers, lockers, point-bars, and 
needles of every various form, till their minds got 
permanently bewildered. Several lost their senses 
altogether; and some, after cherishing visions of 
wealth, as in the old time of alchemy, finding their 
schemes abortive, sank into despair, and eomttihted 
filicide.’ 

^j^JSuch sad examples as these were sufficient to check 

SSmOrant enthusiasm, and gradually the trade began 

J.® ^flow in a healthier stream. The machine still 
became the subject of changes and improvements, 
and in 1816 it w~as first worked by steam power. 
The gffect of all this has been to place the ] uxury of 
lace within reach of all classes. The machine pa- 
tented by Mr. Ileathcoat greatly lowered the price 


* Ure'fi Colton Manufacture of Great Britain. Vol. II. 
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’of lace; but-/, he lace fcr which he charged five 
guineas a yard, can now be had for eightce'n pence ! 
Quillings sold in 18K) at four shillings and sixpence 
a yard, can now be had of better quality at three half- 
pence ! Many other similar instances might be given 
of the effects produced by the introduction of auto- 
matic machinery into the lace manufacture. 

Another curious effect, of this machinery for some 
years after its introduction was, that, instead of 
smuggling French lace into England, as was formerly 
done to a very great extent, English lace was largely 
smuggled into France. At the present time, how- 
ever, the quantity of lace made by machinery abroad 
is nearly equal to that which is produced in this 
country. 


LACE MAKING BY MACHINERY. 

The difference between weaving and lace-making 
may be sefcn at a glance by reference to the follow- 
ing figures. In the first, which is illustrative of 


Figure 1 


plain weaving, the black dots represent the warp 
threads, and the waving line the weft, which passcB 
reguitirly over and under the warp threads in succes- 
sion. In the second figure the weft passes over three 


Figure 2. 

threads and under one; this is twilled weaving, by 
means of*which various patterns are produced^ with 
white threads alone. The third figure is intended 
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to illustrate the structure y»f gauze.* _ The essential' 
character ofigauze weaving is, that between each cast 
of the shuttle the warp, threads are made to cross 
each other, whereby the weft threads (represented in 
this figure by the black dots) are separated from each 
other, and a firm but transparent texture produced. 
The fourth figure is different from all these : in this 

0 " '©“ © ~© 0 0~c*f 

t.. v 

Figure 4 v ,*& 

the threads of the weft are twisted round those of 
the warp ; this twisting being thfe distinguishing ope- 
ration between weaving and lace making. 

If we examine a piece of lace, it will be found that 


1 2 3 4 5 6 7 8 9 10 11 12 13 
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Figure 5. 


while a series of warp threads proceed in one^direction 
nearly parallel to each other, as in cplain weaving, 

* Supposed to have been first invented in Gaza, a city of Pales- 
tine: whence the name. 
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the wgft threads are inserted in quite a different 
% way. If we suppose the warp threads wto be quite 
straight, as in figure S, it will be easy to trace the 
course of the weft, as it proceeds in a double series 
in opposite directions across the warp. Each weft 
thread twists once round each warp thread until it 
reaches the outermost one, when it makes two turns, 
proceeding after the second turn towards the other 
border in a reverse direction. By means of this 
double twist anti the return of the weft threads the 
selvage is formed. 

In the above example the warp threads are sup- 
posed to be straight and parallel. Such, however, is 
not the case in practice, the twisting and interlacing 
of the threads producing regular six-sided meshes. 
The accompanying specimens show, upon a magnified 



• Figure 6 . 


scale, liow the fabric is produced by. the union of 
three sets # of threads, one of which proceeds from the 
top downwards Jn a waving line, the second set runs 
towards the right, and the third to Jhe left, crossing 
each other obliquely in the centre between each two 
meshes throughout the series. The warp threads 

b 3 
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form in the first instance ^parallel straight lines* atf 
itf Fig. 4, aad they derive .their curvature from the 
tension of the oblique weft thieads, one set of which 
draws them to the right, and the other set. to the left. 
After the warp threads have been laced or entwined 



twelve times with a weft thread (Fig. 4. 2, 2. 13, 13), 
the latter moves sideways through one interval of 
the warp thread, and if it were coloured would pro- 
duce in the course of the work a diagonal line across 
it. The manufacture of lace, therefore, differs t&ni 
plain weaving in this, that the threads of the war]) 
are not alternately raised and depressed for the pur- 
pose of introducing the weft, but are shifted sideways 
to the next pair, to which they become united bv the 
weft threads, working likewise in pairs, each of them 
entwining two individual threads at once. 

The lace frame is perhaps the most complicated 
machine in the whole range of manufactures. In 
ordei to convey a clear idea of its action we shall 
select for description only the most important parts, 
referring the reader who is desirous of obtaining 
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ifaore cy)mpletc^informati^n to the sec'ond volume of 
*Dr. Ure’s work on the cotton manufacture? whicfli 
contains a very minute account of Morley’s circular 
bolt bobbin net lace frame. 

The thread used in the lace frame is wound upon 
a roller to form the warp, and upon a number of 
small bobbins to form the weft. The operation of 



WAIiriNO. 


warping is in many respects similar, to that already 
described for weaving, except tlyit the reel upon 
which the threads arc wound is pjaced horizontally 
insfead of upright the threads are passed through a 
jack in order to distribute them evenly over the reel, 
and as the length of this reel is (considerable, only a 
portion of it is covered at once. When the reel has 
taken up all the thread, the 
latter is transferred to a roller 
or thread beam, which extends 
the whole* length of -the lace 
frame. • 

The weft threads which are 
to pass through the intervals 
of the warp are wound upon 
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WEFT BOBBIN. 


little bobbins, one of whiclj is shown in view ^and in 
section*. It is formed of two 
thin brass disks with a hollow *./ 
in the middle of each ; the 
two disks being rivetted toge- 
ther so as to leave a circular 
groove between *them for re- 
ceiving the thread. In the 
centre is a square hole, for receiving a spindle rod 
of the same shape, in order to prevent them from 
turning round the rod in the process of winding in 
the thread preparatory to their introduction into the 
lace machine. e 

The threads arc wound upon the bobbins by an 
ingenious apparatus, by means of which as many as 



/-ILLIJSG THE BOBBINS. 

from one hundred to two hundred bobbins may be 
filled at once. The thread being previously wcund 
upon a drum, its ends are passed through slits in two 
slips of brass plate, these slits corresponding to the 
number of bobbins to be filled. Thp rod containing 
the bobbins is turned round with a handle, which 
causes the drum to revolve and deliver its thread. 
%e surface of the table over which the train of 
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thread, passes painted^ black, so that the young 
woman who winds instantly notices when & thread 
happens to break. As many as twelve hundred of 
these bobbins are often required in one machine, and 
in order that they may be filled each time with the 
same quantity of thread, usually about a hundred 
yards, a hand moving round a dial plate indicates the 
numbe** of turns made by the bobbins, and conse- 
quently the quantity of thread wound. 

The bobbins *being filled with thread, each is in- 
serted within a little iron frame called the bobbin 
carriage, shown in the fol- 
lowing figures in vie*v and 
in section, about half the 
actual size. The bobbin 
is inserted into the hole 
of * the carriage Gr, fjie 
grooved borders of the 
bobbin fitting the narrow 
edge ee of the hole, and 
being prevented from fall- 
ing out by the pressure of BO » BIK carriage. 
a spring /, which is not too strong, to prevent 
the bobbin from turning round and giving off its 
thread when gently pulled. The thread is conducted 
through the eye g at the top of the carriage, in order 
to be wound off in making the lace. 

'“ijet us now endeavour to describe the most import- 
ant parts of the lace frame and their mode of action- 
The following diagram io a vertical section^ giving an 
end view of the parts indicated. C is the roller or 
thread beam containing the warp thread. At the 
to]f of the frame is a* similar roller D on which the 
finished work is wound. Between these two rollers 
the warp-threads are extended in perpendicular lines. 
F F are guide bars, extending the whole length of the 
machine, with slits in their edges, through which the 
warp threads are conducted in two rows, one on each 
side to the eyes b b of needles, one of which is shown 
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in tli c following figure. Each guide bar, which 
contains a range of these needles, equal to one half 
the number of threads in the warp, is capable ’ ' 
of shagging, that is, shifting slightly to the right | 
or to the left to allow the bobbin threads to j 
pass on the right or on the left of the warp 
threads as many times as is necessary to pro- 
duce the twist. 

The number of bobbins with their carriages 
is equal to the number of the weft threads, and as 
these have to pass through the narrow intervals of 
the itfarp threads, they are arranged in a double line 
in two rows, shown at G G, on each side of the warp 
;%hreads. 
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* The Robbins are supposed between 'the teeth of a 
sort of comb shown at k fr, and a portion of It sepa- 
rately in the follow- 
ing figure ; for which 
purpose the bobbin 
carriages are each 
furnished with a 
groove fh h Fig. 37 ), 
corresponding to 
the interval be- 
tween the teeth of 
the comb. There is one comb on each side of 
the warp ; and the •free ends of the teeth in the 
opposite combs stand so near to each other, as to 
leave room merely for the proper motions of the warp 
threads between them. Hence the carriages in passing 
across through the intervals of the warp, reach the 
hack holts before they have entirely quitted the front 
ones. # 

The carriages are driven alternately from one comb 
to the other by two bars l and when one of the 
lines of carriages as pushed nearly across the intervals 
of the warp, the foremost of their projecting catches 
i i is laid hold of by a plate n attached to a horizontal 
shaft, I, which pushes it quite through. 

The beam to which the combs arc attached admits 
of being shifted a little sideways, either to the right 
or*To the left; by which motion the relative position 
of the opposite combs is changed by one interval or 
tooth, so as* to transfer the carriages to the next 
adjoining teeth. By this means the whole series of 
carriages makes a succession of side steps, to the right 
in cftic comb and to the left in the other, so as to 
perform a species of countermarch, in ’the course of 
which they are made to cross each other, and then 
again to twist rewind about the vertical warp threads, 
and thus to form the meshes of the ndt. % 

After the bobbins have moved several times rouq,d 
about the warp threads, and entwined .their threads 
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with them, a point bar L(, containing a row 
of pointed needles, falls between theNvarp and H 
weft threads, and carries^ the interlacements of J 
the latter up to form a new line of holes or J 
meshes in the lace. Here it remains, while L 
the other point bar makes a similar movement V 
to produce a second line of meshes. Thus 
the whole working of the machine is a constant 
repetition of twisting, crossing, and taking up the 
meshes on the point bar. As the lace is finished it 
is wound upon the roller D. 

If the reader has followed these details with some 
degree of attention, he will be able to form a pretty 
accurate idea of the manner of interlacing the threads 
of the warp and the weft, so as to produce lace. 

The beauty of bobbin-net lace depends on the 
quality of the threads, and alfo upon the meshes being 
of equal size and of a truly hexagonal shape. The 
nearer the warp threads are together, the smaller are 
the meshes and the finer is the lace. The number of 
warp threads in a piece 6nc yard wide, may vary from 
700 to 1200. The fineness of the lace, or as it is 
called the gauge or points, depends on the number of 
slits or openings in the combs, and consequently the 
number of bobbins in an inch of the double tier. 
Thus gauge nine-points means nine openings in onr 
inch of the comb. 


The length of wbrk, counted perpendicularly, which 
contains 240 holes or meshes, is called a rack. Well, 
made lace' has the meshes slightly elongated in the 
direction of the selvage. A circular bolt machine 
produces about 360 racks per week, working eighteen 
hours a day, with two sets of superintendents. 

Bobbin net is usually sent into the market in pieces 
of from twenty to thirty or more yards in length- 
The breadth is very variable. The , narrow quillings 
used' for cap borders, of about the breadth of the 
^finger or somewhat more, are worked in the same 
*JWachine in inany breadths at once. They are all 
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united together by a set^ of threads, .which being 
^afterwafds dra\^i out, the quillings becoiqp so^manj^ 
distinct pieces. , ' # 

The English machine-made net is now confined to 
point net, warp net, and bobbin net, so called from the 
peculiar construction of the machines by which they 
are produced. 

In Mr. Beck’s establishment at Nottingham, the 
machines employed are limited to the making of fancy 
net, both in wida pieces and in quillings, the thicker 
thread or gimp being wrought into the desired pattern 
by means of a Jacquard apparatus attached to the 
frame. (See Frontispiece, p. 22.) When the desired pat- 
tern consists of a series of separate flowers, sprigs, &c., 
these are necessarily all connected by a single thread 
of gimp passing between them, which single thread 
is afterwards cut out by children, whose keen eyes 
and nimble fingers enable them to use the scissors 
with great precision and rapidity. Many establish- 
ments, however, produce only plain # net, into which 
the pattern is afterwards worked by hand. 

Nottingham has # its pattern designers for lace, as 
well as Manchester for cottons. The lace pattern is 
drawn upon a block of wood, and then engraved in 
the same manner as a wood engraving, those parts of 
the surface being left in relief which are intended to 
make a mark. The block is slightfy moistened with 
so»£ coloured pigment, and is then impressed upon 
the net a sufficient number of times to cover its sur- 
face. The lace runner then fills up the pattern with 
her needle, the web being extenddfl horizontally in a 
frame for the purpose. 

Lace running is a domestic employment, and the 
young females engaged in it are very badly paid. 
Mr. Slater # says, that even for the most splendid and 
beautiful specimens of embroidery, some of which 
have occupied six weeks, working sjx days a TOeek 
and fourteen hours a day, the young wbmen did not 
earn more than one shilling a day. He is inclined 
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to attribute the depressed condition of the embroi- 
derers, in <x a great measure, to the c&mpetition of th$ 
Belgians, who have acquired a superiority in this 
department. 

When the lace is embroidered it is carefully ex- 
amined, and all defective parts marked by tying them 
up in a knot ; the piece is then handed over to women 
called lace menders, who have a, method of perfectly 
restoring the damaged meshes. The lace menders 
are a much better paid class than tl*e lace runners. 

The net is gassed before being embroidered ; the 
bleaching or dyeing takes place afterwards ; the 
dressing, rolling, pressing, ticketing, and making up, 
so closely resemble similar processes already described 
for muslin, that no further notice of them is neces- 
sary in this place. 


STATISTICS OF HOSIERY AND LACE 

The hosiery and la6e trades occupy a large popu- 
lation in the great midland district, extending from 
Leicester jiorthward, to Chesterfield, and from 
Nottingham westward to Derby and Hinckley. 
Nottingham is the centre of the cotton and silk 
hosiery trade ; Leicester of the woollen hosiery ; and 
Derby has about the same amount of the silk hosiery 
trade as Nottingham. Nottingham is also the centre 
and the depot of the machine-lace trade, although it 
is carried on, not only in the surrounding towns and 
villages, but^alsoSn Somersetshire, Devon, Wilts, 
Gloucestershire, and the Isle of Wight. From all 
these places it is collected at 'Nottingham, and thence 
distributed to various parts of the world. 

In February, 1844, a Royal commission* was issued 
for an inquiry into the condition of „ the frame-work 
knitters m the^ counties of Leicester, Nottingham, 
and Derby. ' The report of the commissioner, R. 
31. Muggeridge, Esq., has just been published. 
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This valuable document, \ which, including appen- 
dices, containing*minutes of evidence, extends to 1053* 
folio pages,) contains a* vast .amount of information 
on all subjects connected with the hosiery trade ; in 
collecting which the commissioner visited not only 
the principal seats of the frame-work knitting manu- 
facture, but also as many of the villages and smaller 
towns where the trade is carried on, as placed within 
the reach of nearly every workman in the three counties 
the opportunity *)f laying before the commissioner 
any statement he desired. <c The total number of 
persons examined exceeded 600, embracing workmen 
and employers, in ev^ry one of the almost infinite 
variety of branches into which the hosiery manu- 
facture is divided, and selected from every district in 
which it is carried on in the comities to which the 
jurisdiction of my commission extended.” 

It appears from this evidence, that until a very 
recent period the workmen w r ere frequently paid in 
goods instead of money, and that although this prac- 
tice has been made illegal, it Is still carried on by a 
large class of employers, who combine with their 
occupation in the manufacture, shops for .the sale of 
provisions, which they compel the workmen to pur- 
chase. That the frame-work knitters as a body are 
in a very depressed and distressed state, from the very 
low amount of their ordinary earnings. That the 
clifef cause of the low rate of wages is the super- 
abundant supply of labour, arising from the facility 
with which acknowledge of the trade is acquired by 
women and children, as well as* by the ordinary 
workmen. That this excess of supply is encouraged 
by the system of framfi rents, and the custom of 
heavy deductions on several pretexts from the wages 
of the work-people ; which make it the interest of 
employers to spread any given amount of work 
among a larger number of workmen tfcan is necessary 
to its performance ; a practice that is ftfrther greatly 
.facilitated by the superabundant amount of machinery 
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which has been created md brought into the trade 
Jby othcrs r than the legitimate employers in it, as 
profitable investments § of capital, induced by th6 
customary exorbitant rent of the frames. 

That no permanent or general improvement in the 
condition of the frame-work knitter can be looked 
for but by a diminution of their numbers proportion- 
ate to the existing demand for their labour ; e or such 
an extension of the manufacture as would largely 
increase the amount of employment. The first of 
these means can only be produced by the workmen 
abstaining from early or improvident marriages, or 
by bringing up their families to other occupations. 

That an extension of the manufacture is most 
likely to be attained by the improvement of which 
it appears susceptible in the manner of conducting it, 
by a more judicious appropriation and division of 
labour, whereby the cost of production would be 
diminished ; and by an increased application of taste 
and skill in th£ designs and patterns of the articles 
manufactured, especially in the fancy branches of the 
trade. 

That an improvement in the quality of most of the 
goods manufactured is apparently as essential to an 
increase of permanent demand, as it will, probably, 
soon be found tb be to the maintenance of the manu- 
facture, even at’ its present extent; the evidence 
tending to establish that the spurious qualities o£ a 
large proportion of the goods made, is calculated to 
lower the pharacter of the manufacture, both at home 
and abroad. 

At the meeting of the British Association at York, 
in the year 1844, Mr. Felkin read an interesting 
paper on the statistics of the hosiery manufactured 
by machinery in the United Kingdom, compiled 
from an actual census taken under his direction in 
thet same year. ^ 

There are about 42,652 persons engaged in the manu- 
facture of stockings, and as many more are employed 
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to wind, seam, and sew u)p the hgsc. • Mr. Felkin 
denied that as R class they arc idle and pegligent ;• 
he had known them fijom’ hoyhood, having worked 
for his support at their frames, and he knew that 
they were no worse than hard work and small wages 
would make any class of the community. Foreign 
competition has had little effect upon, this branch of 
industry for the amount of the exportation of 
hosiery has never been important. There were only 
147,507 dozens • exported in 1843, and that was 
nearly double the amount of the preceding year. 

The total number of frames in the three midland 
counties is 39,442 employed, and 4,598 unemployed. 
There are 1,572 frames in the rest of England, 265 
in Ireland, and 2,605 in Scotland ; and taking the 
whole of Great Britain, there are 42,632 employed, 
and 5,830 unemployed, (jnany of the latter, however, 
being under repair,) making a total of 48,482 frames 
available for the machinery of the trade. 

The earnings of the frame-work finitters arc sub- 
ject to heavy deductions for the rent of frames and 
other incidents, which frequently reduce the net 
earnings to a most miserable sum. The earnings, 
clear of shop deductions and expenses, range gener- 
ally from 4s. 6d. to 7 s. per week, and in some places 
where cotton hose is chiefly made, wages arc even 
lower than the above minimum. "The general con- 
dition of the frame- jvork knitters i^ described as very 
deplorable; they work generally from fourteen to 
fifteen hours # a day, and their net earnings tire gene- 
rally inadequate to procure subsistRnce for themselves 
and their families. 

There are manufactured annually in Great Britain 
84,000 dozens of silk stockings and socks ; 2,164,000 
of cotton* and 1,770,000 of worsted. Including 
gloves and oth<y: hosiery products, the annual pro- 
duction is 5,705,600 dozens, which ^vould not give 
more than one pair of stockings and one pair of 
gloves for each inhabitant of Britain. The raw 
materials employed in this production, both imported 
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and of home growth, arc/ of the collective value ,of 
J7 05, 9p0/. * sterling ; which materials are raised bj 
labour to the selling value of t 2,562,713/. 

In a memorial to the Lords of the Treasury in 1834, 
from the Nottingham manufacturers, it was stated 
that Heathcoats machine had twenty- four motion' 
to the series for twisting the mesh, and four motions 
for the pins to secure the tvyist from unravelling. 
Before the expiration of the patent, this machine 
was simplified so as to require only* thirteen notions 
to complete the same mesh, and two to prevent the 
unravelment ; other improvements reduced the mo- 
tions to thirteen, and at length the utmost acme of 
speed was accomplished by reducing the motions to 
six, and performing the two motions to prevent un- 
ravelmcnt at the same time that the other motions 
were made. The original machine produced only 
one rack in an hour, whilst, the power-impelled 
machines can make six such racks in an hour ; in 
addition to which the original machines made nets 
from one yard to one yard and a half in width, 
whereas m agfejn es arc now made to fabricate net three 
and even flHr. yards in width, thus increasing the 
speed of tlie machinery twelve-fold. The result of 
all these improvements has been to convert England 
into a great exporting nation for lace, to the amount 
of two millions annually, instead of being an import- 
ing nation to nearly that amount. 

The annual produce of lace was estimated, in the 
year 1831, at 23,000,000 square yards, of the value 
of 1,891,875/. In* 1840, in consequence* of the intro- 
duction of new and improved machinery, a larger 
quantity was produced at a dower rate; amounting 
to 30,771,000 square yards, worth 1,850,650/. The 
raw material used in the production of^the latter 
quantity has been estimated at l,270,000lbs. of Sea- 
Islajid cotton, worth 148,000/. and thrown silk 
to the value of* about 10,000/.* On comparing the 
cpst of the raw materials with the manufactured 
* Felkin. 
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v^lue of the same, the national importance of the 
lace trade can he at once estimated. “ A clear sur- 
plus of more than a pound sterling is realized upon 
every pound weight of the raw material, which is 
distributed over the trade in rent, profits, and wages; 
and this is altogether impendent of the profits 
arising from embroidery, in itself a most important 
and extensive branch.”* 

The lace frames are worked either by steam power 
or by hand. In the one case, a considerable number 
of frames arc collected together in a large factory, 
which is conducted on the usual factory system ; in 
the other case, a single individual may be the owner 
of a single machine, which he works himself. 66 It is 
not uncommon to find one of these costly machines, 
which may have occasioned an outlay of from 500/. to 
1,000/., within a house but little removed above the 
degree of a cottage; but for the most pait they are 
worked in the attics and upper stories of substantial 
houses, the lower parts of which are occupied as 
shops or lodging houses. The centre of the town 
[Nottingham] is not much filled with them ; but in 
all the approaches, 1 and in the back streets, as well as 
in the better houses of the lower town, the incessant 
thumping of the machine is heard.”! 

Respecting the health of the work-people engaged 
in the lace trade, those in the factories are most 
fajpurably situated; the rooms are large and well 
ventilated, and the people have merely to superintend 
the machines. When the machines arc w r orked by 
hand, the labour is severe; but as there are usually 
two sets of men to hand machines, one sef seldom 
worlds more than six hours a day. The embroidery » 
frame is perhaps the most destructive. Mr. Slater 
says, “ The workers in general commence at a tender 
age, and from constantly leaning over the fram* 


* Slater. 

f Factory Commissioners’ Report. 
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while their bodies^ remain {n a state of inactiv ity, they 
^tre frequently distorted in their persons ancf become 
the victims of pulmonary 'disease. Notwithstanding 
the sedentary habits of the pillow lace makers, their 
general health is understood to be better than that 
of the lace embroiderers, but in both these employ- 
ments the hours of labour are too long for the 
cliildren. 

" They are, however, purely domestic employ- 
ments, under the superintendence o^ parents ; but as 
the existence of the latter depends on the quantity 
of labour they can bring into operation, their neces- 
sities place filial consideration^ beyond the reach of 
legislation or even social interference.” 

At the time when Mr. plater wrote, the pillow 
lace workers were in a very depressed state, not 
being able to earn more than half-a-crown a week 
each, although toiling every day for twelve or four- 
teen hours ; whereas, some years before, they could 
with ease earn *ten shillings a week, wqrking only 
eight hours a day. Recently, however, the taste for 
pillow lace has re\ived; and we learn from Mr. 
Felkin that* at the present time, the pillow lace trade 
of Devonshire and BucMj^ghamshire is increasing 
and active, and still more w in Belgium. 
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MANUFACTURES OF GREAT BRITAIN. 


THE MANUFACTURE OF IRON- 


The splendid colour of# gold, its great density, it a 
imperishable nature, and its comparative scarcity, 
have obtained for it the epithet of pvecio u*, although, 
in point oft utility to man, iron has far higher and 
more numerous claims to such a title. Its ore, 
scattered through the crust of the earth in inex- 
haustible profusion, — often in immediate connexion 
with the fuel requisite for its reduction, and the 
limestone which facilitates that reduction, — “ is an 
instance of arrangement, so happily suited to the 
purposes of human industry, that it can hardly be 
Considered as recurring unnecessarily to final causes, 
if we conceive that this distribution of the rude mate- 
rials of the <*arth was determined # with a view to the 
convenience of its inhabitants.”* 

The innumerable applications of iron in our own 
day ‘result from the various useful properties of 
this metal : it can be brought to a fid id state, and 
made to assume whatever form has been given to the 
mould designed *to receive it; it can be drawn out 
into bars of any degree of strength, *015 into wires of 

* Conybeare, Geology of England and Wales. • 
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any degree of fineness; it/can be spread out into 
plates or sheets ; it can be twisted ^nd bent in al! 
directions ; »it can be made hard or soft, sharp or 
blunt. Iron may be regarded*as the parent of agri- 
culture, and of the useful arts ; for without iron, 
the ploughshare could not have rendered the earth 
fertile, iron furnishes the scythe and the pruning- 
liook, as well as4he sword and the cannon; it forms 
the chisel, the needle, and the graver; springs of 
various kinds, from the spring of a watch to that of a 
carriage; the chain, the anchor, and the compass, all 
owe their origin to this most useful of all the metals. 
We can scarcely move without meeting with new and 
surprising proofs of the fact, that we arc, indeed, 
living in the age of iron. We travel by land on iron 
railroads, drawn by horses of iron ; we pass over 
bridges constructed of iron, and often suspended by 
iron rods ; our steam-boats aije of iron ; our bedsteads, 
chairs, stools, and ornaments are frequently of iron ; 
clumsy wooden gfites are superseded by light and ele- 
gant structures of iron ; buildings of all* kinds are 
supported on pillars of iron; and, to crown all, wo 
build houses and light-houses of iron, and transport 
them in pieces to the most distant parts of the globe. 

Iron, therefore, performing so important a part in 
the progress of civilization, may well deserve a some- 
what extended nqtice ; and it is proposed, without 
departing from the plan of former treatises, to pre- 
face the account of the manufacture with a somewhat 
detailed account of the metal, from the earliest 
times. 


HISTORICAL NOTICES OF IRON. 

In the early history of the world, the ifse of iron 
seems to have been known ; for we read (Gen. iv. 22.) 
of Tubal Cain 4 au instructor of every artificer in brass 
and iron. From an expression in Deuteronomy iv. 
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20, “the Lord hath bought you forth out of the 
.iron furnace , even out of Egypt/’ it> appears more 
than probable*that the smelting and woijking. of ir%n 
was commonly practised yi that country. In the 
same book, Palestine is described as “a land 
whose stones are iron, and out of whose hills thou 
mayestdig brass.” (Deut. viii. 9.) There are, also, 
several passages in the four books of the Mosaic law 
which $>rove that iron was well known. The bedstead 
of Og, King of Bashan, was of iron. (Deut. iii. 11.) 
Don tools wejKj used in hewing and squaring of 
stones. (Deut. xxvii. 5.) Saws, harrows, and axe- 
heads, were of iron; and it is probable that offen- 
sive weapons were ijiade of the same metal, because 
it is stated in the Mosaic law, that “ If any one 
smite another with an instrument of iron so that 
he die, he is a murderer.” The chariots of the 
Philistines were of ir^n. (Judges i. 19.) And 
Jabin, King of Canaan, reduced the Israelites to 
subjection by means of his nine hundred chariots of 
iron. (Jydges iv. 3.) “ These chariots were proba- 
bly war-carts, with perhaps "scythes attached to the 
axles of their w.lieeis, such as were in use by the 
sovereigns of Assyria and Mesopotamia, and whose 
charge on level ground could not fail of being ex- 
tremely formidable to infantry, of which the Isracl- 
itish armies, before the appointment of kings, appear 
entirely to have consisted.”* Goliath is represented 
-as wearing bronze, armour, and appear pointed with 
iron; and in the hymn of victory composed by 
David, after the reduction of all his enemies, mention 
is made of a bow of steel. (2 Samuel xxii. 35.) 

“Previous to the Babylonian conquest, the Jews 
were acquainted witlf two kinds of iron ; namely, 
that in common use, and a much superior sort, known 
by the name of northern iron.” Thus, in Jeremiah 

* AlKIN, A ntiquarian History of Iron , in the Transaction^ of the 
Society for the Encouragement of Arts, Manufactures, and Com- 
merce. 
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xv. 12, “ Shall iron brpak tj>e northern iron and the 
steel?” Mr. Aikin thinks that the steel here meant, 
\^as the produce of the countries east of Babylonia. 
In the book of Ezekiel, x#vii. 12 — 19. in the 

Lamentation for Tyre,” the different countries 
are enumerated with which this great emporium 
traded, and the commodities which she imported 
from them. It is declared of Tyre, that “ Tarshish 
was thy merchant, by reason of the multitude of 
all kind of riches; with silver, iron, tin, and lead, 
they traded in thy fairs.” It is generally agreed, 
that by Tarshish is meant Spain, the maritime town 
of Tartcssus, at the mouth of the Guatlal quiver, 
still affording some probable indication of the name. 
u It was probably in part from Ccltiberia, and in part 
from Catalonia, a district between the lower Ebro 
and the Pyrenees, celebrated in all times for its iron, 
that this metal was imported to the Tyrian markets : 
and I may observe here, tliat the old Catalonian 
method of obtaining bar-iron directly from the ore, 
without going through the usual process o£smelting, 
and which, even now, is hardly obsolete, in that pro- 
vince, is, from its character of rude simplicity, not 
unlikely to be the very process made use of for the 
supply of the Tyrian market, 2,300 years ago.” 

It is mentioned in another passage: “Dan also, 
and Javan, going to and fro, occupied in thy fairs; 
bright iron , cassia, and calamus, were in thy market.” 

The term bright , applied to this iron, seems to dis- 
tinguish it from common iron; and the same merchants 
who brought this, brought also cassia and calamus, 
two aromatic substances, probably obtained from the 
countries to the cast of Persia, whence they were 
brought by land carriage in caravans, cc going to and 
fro.” “ If tikis bright iron were the common malleable 
form of this metal, it could never have entered into 
competition with the iron of Tarshish, conveyed by 
wate*’ carriage ; we may, therefore, I think, without 
any great chance of error, regard it as the northern 
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iron or steel, already mentioned, susceptible of a 
bright polish, and perhaps not differing from the 
wootz of moderff India.” * , • • 

% Among the ancient, Greeks bronze seems to have 
preceded the use of iron ; and the term used to designate 
the smith’s calling signified a “ worker in bronze 
a term which, in the course of time, came to be ap- 
plied to workers in iron also. Iron is frequently 
mentioned by Hesipd, who characterizes the four 
ages of the human race as the golden age, the silver 
age, the brazen #ge, and the iron age. The uses to 
which iron was applied are noticed in many passages 
of Homer. “ Iron was used for felling-axes, for 
double-headed axes for slaughtering cattle, for ship- 
wrights’ tools, for the axles of chariots, for pointing 
ploughs, for sheep hooks, and agricultural imple- 
ments. In exchange for cargoes of wine supplied 
to the camp before Troy, bronze and iron were given. 
Among the spoils gahfed by Achilles in sacking 
the towns of the Trojan allies, were gold, ruddy 
bronze, anjJ white iron.” And to femove all doubt 
as to the correct rendering of the word o-terjpoc 1 into 
iron. Air. Aikin quotes the following simile from the 
Odyssey: — “ As* some smith 415 plunges into cold 
water a loudly-hissing great hatchet or adze, tem- 
pering it, for hence is the strength of iron;” clearly 
proving that the art of tempering steel was practised 
just as it is at the present day fflr common cutting 
-tools, and that the worker in iron £>r steel w T as called 
a brazier. 

The use of iron is also noticed by Herodotus, JEs- 
chylus, and other Greek writers. • About the time of 
ASschylus (who was born 460 years n.c.), steel of 
excellent quality scema to have become so abundant 
in Greece, as to have superseded the .use of bronze 
for swordig and other offensive arms. “ In the im- 
perfect geography of the Greeks, all the countries on 
the shores of tlie Black Sea, and thence indefinitely 
* ft Worker in bronze” ia the original word 



8 


ARTS AND MANUFACTURES. 


northward and eastward, were confounded together 
under the general term Scythia; hence Chalybian 
and Scythian are used by jEschylus indifferently, 
lie speaks of the Chalvbes as workers in iron, of 
Scythia as a land the mother of iron ; and of the sword 
as ‘ sharp iron, the bitter appeaser of strife, the 
Pontic stranger born in fire,’ and also as ‘the Chaly- 
bian stranger come out of Scythia. 5 From tins time 
dates the use of the word chalybs, in Greek, as signi- 
fying steel of the best quality ; whence it passed, un- 
changed, into the Latin language, jand may at the 
present day be recognised in our own in the expression 
chalybeate waters, chalybeate medicines, & c., in conse- 
quence of some commercial transactions which took 
place more than twenty-three centuries ago, between 
Greece and a country on the Black Sea.” 

Aristotle seems to have entertained the incorrect 
notion that steel was only the purest state of iron. 
He says : — “ Steel is made by melting wrought iron, 
and then letting it become solid ; for by this means 
the scoria* are purged away. By repeating this 
process several times, the iron becomes steel ; this 
method, however, is not often practised, on account of 
the great loss of weight which the iron undergoes ; 
but the iron becomes the better the less impurity it 
contains.” 

Among the Homans the use of iron seems to lmvt* 
been known at an early period of their history. Po- 
lybius, the earliest historian of Rome, notices the 
military use of iron, by which it appears that the 
helmet .and breastplate of the Roman soldiers were 
of bronze, but the 1 shield had a boss of iron, and an 
outer border of the same ; the sword was a strong 
cut-and-tlirust blade, of Spanish steel, and the spear 
was pointed with iron. Diodorus Siculus and Pliny 
the Elder are among the earliest writeyrs on the 
manufacture of iron. The former mentions ^Ethalia 
(Elba), which is even now celebrated, as it was then, 
for the richness and abundance of its iron ore. Dio- 
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doms says, “ The natives dig and cut out of the 
ground the ironstone, to melt, in .order for the 
making of irolf; much of which rtietal is in tjnis sojt 
• of stone. The workmen employed first cut the stone 
in pieces, and then melt them in furnaces built and 
prepared for the purpose. In these furnaces the 
stones, by the violent heat of the fire, are melted into 
several pieces, in form like great sponges, which the 
merchants buy by truck and exchange of other wares, 
and export them to f)ica3archea and other mart towns. 
Some of these .merchants that buy of these wares 
cause them to be wrought by the coppersmiths, who 
beat and fashion them into all sorts of tools, instru- 
ments, and other shapes and fancies ; some they neatly 
beat into the shape of birds, others into spades, hooks, 0 
and other sorts of utensils — all of which are trans- 
ported and carried about into several parts of the 
world by the merchants.” 

Pliny, in his Natural? History, speaks of iron as “a 
metal which we may well say is both the best and the 
worst implement used now in the w<5rld ; for, with the 
help of iron, we break up and tear the ground ; we 
plant and plot our groves ; we set our port-yards, and 
range our fruitful trees in rows ; we prune our vines, 
and by cutting off the superfluous branches and dead 
wood, we make them, every year, to look fresh and 
young again. By means of iron anti steel, we build 
houses, hew quarries, and cut in "stone ; yea, in one 
. word, we use it to all other necessary uses of this life. 

“ Contrariwise, * the same iron sorveth for wars, 
murders, and robberies; not only to offend and strike 
therewith ih hand, but also to •reach and kill afar 
off, with divers sort of darts and shot; one whiles 
discharged and sent out of engines, another while 
launched and flung by the force of the, arm ; yea, and 
sometime^ let fly with wings. This I take to be the 
wickedest invention that ever was devised by the 
head of man; for, to the end that 'death may speed 
away the faster to a man, and surprise him more 
a 3 t 
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suddenly, we make it to fly aaa bird in the air, and to 
the arrow, headed at one end with deadly iron, we set^ 
feathers at the othfir, whereby it is elfident that the 
mischief proceeding from iron is not to be imputed to 
the nature of it, but to th*e unfiappy wit of man.” 

The same writer states, that in Calabria, near the 
sea-shore, there is an entire mountain of iron ore ; 
but the chief seats of the manufacture in Spain, while 
the Homans possessed the country, were in^Cclti- 
beria, which included part of the present provinces 
of New Castile, and Aragon. The Jown of Bilbilis 
seems to have been in the centre of the forges, and the 
river Salo, which falls into the Ebro, was celebrated 
for giving a high temper to steel, on account of the 
coldness of its waters. 

Pliny enumerates different qualities of iron, and 
esteems Scric iron (from the remote east) as the best 
of all. Next in goodness is the Parthian iron, and 
next to that is the iron of Noricum (Styria). The 
magnet stone is found in Calabria. “ Iron is the only 
metal which recerveth strength from that stone ; yea, 
and keepeth the same a* long time, insomuch, as by 
virtue thereof, if it be once well touched and rubbed 
withal, it is able to take hold of othbr pieces of iron ; 
and thus, other whiles, we may see a number of 
rings hanging together in manner of a chain, not- 
withstanding they be not linked and enclosed one 
within another.” • 

Although iron w#s so well known to the Romans*, 
yet it appears by the evidence* afforded by the 
excavation^ of Pompeii and Herculaneum, that 
articles of bronze wfcre in general use in* the middle 
of the first century, when these cities were over- 
whelmed by a great eruption of Vesuvius. “It 
is true, that iron instruments may have been de- 
stroyed by rust, during their long sepulture of near 
seventeen centuries; but, if such ever existed, the 
wonder and difficulty still remain how bronze and 
iron should ev6r be considered as equally applicable 
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to the same uses. In all the Latin writers, ferrurri, 
iron, is the most common nanfe for a sword, but the 
swords which teve been found in •these towns are of 
• bronze, as also are the points of spears? P&ll-axGs 
and other sacrificing instruments have been found of 
the same material : even surgeons 5 instruments, forty 
in number, some with cutting edges, and all of bronze, 
were discovered. 5 ’ 

The earliest method of smelting fron ore seems to 
have been in furnaefis erected on the summits of hills 
for the sake of currents of air. The furnaces were 
perforated on afl sides with holes, through which the 
air was driven when the wind blew. Mungo Park, 
in his Travels in Africa, describes one of these fur- 
naces, which is suppt)scd to have been constructed on 
the ancient model. During his stay at Kamalia the 9 
smelting furnace was at a short distance from the 
hut where he lodged. It was a circular tower of 
clay, about ten feet in height and three feet in 
diameter, surrounded in two places with withes to 
prevent the clay from falling to pieces by the heat. 
Round th% lower part, on ^ lev el with the ground, 
(but not so low as the bottom of the furnace, which 
was somewhat concave,) were seven openings, into 
each of which were placed three tubes* of clay, and 
the openings again plastered up in such a manner 
that no air could enter the furnace -but through the 
tubes, by the opening and shutting of which the fire 
„ was regulated. 

The ironstone he describes as being very heavy, 
and of a dull red colour with greyish specks ; it was 
broken into? pieces about the size of a lien’s egg. 

A bundle of dry wood was first put into the fur- 
nace, and covered with a considerable quantity of 
charcoal ; over this was laid a stratum of ironstone, 
and then another of charcoal, and so on until the 
furnace was quite full. The fire was applied through 
one of the tube’s, and blown for some time through 
bellows made of goats’ skins. Th£ Operation went 
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on very slowly at first, and it was some hours before 
the flame appeared above the furnace ; but after this 
it burnt with great violence all the first night; and 
the people who attended -it put in at times more' 
charcoal. The next day the fire was not so fierce, 
and on the second night some of the tubes were with- 
drawn, and the air allowed to have freer access to 
the furnace ; but the heat was still very great, and 
a bluish flame lose some feet above the top of the 
furnace. On the third day all the tubes were taken 
out, the ends of many of them being vitrified by the 
heat ; but the metal was not removed until some 
days afterwards, when the whole was perfectly cool. 
Part of the furnace was then taken down, and the 
iron appeared in the form of a large irregular mass, 
with pieces of charcoal adhering to it. It was sono- 
rous; and when any portion was broken offi the 
fracture exhibited a granular appearance like broken 
steel. < 

The owner stated that many parts of this cake 
were useless, but still there was enough of good 
metal to repay him f*Qr his trouble. This iron, or 
rather steel, is formed into various instruments, by 
being repeatedly heated in a forge, the heat of which 
is urged by a pair of double bellows, of a very simple 
construction, being made of two goats’ skins, the 
tubes from which unite before they enter the forge, 
and supply a constant and very regular blast. The 
hammer, forceps, and anvil were all very simple, and, 
the workmanship (particularly in the formation of 
knives and spoons) was not destitute of merit. The 
iron was hard and brittle, requiring much labour in 
the working. 

The following remarks afford a very good com- 
mentary on the above description: — 

“ The practice of these air bloomeries must have 
been slow in the extreme. A long and continued 
cementation of the ore in contact ' with the fuel, 
^znust in the li rSt instance have been necessary to 



13 


THE MANUFACTURE OF IRON. 

dispose the metallic particles to unite. A too rapid 
exposure to a high temperature wquld be apt to 
'unite a considerable portion of oxygen with the ore, 
which in this way would acquire a considerable 
degree of fusibility :* this 'would not only diminish 
the quantity and quality of the iron, but retard the 
general operation. To render the quality of the 
iron homogeneous, masses of iron ore would be used 
as nearly of one size as possible, which would -give 
rise to # a rejection, in part, of the small or dust ore, 
generally the richest of the vein. That this practice 
prevailed to a considerable extent in Gloucestershire 
is evident from the large quantities of small mine* 
found from time to time in the old caverns or weel- 
dons of the mountain limestone formation. These 
acknowledged evils undoubtedly affected the economy 
and prosperity of the trade, until some more fortu- 
nate or more ingenious worker applied the bellows to 
the art of iron making, •which gave rise to the blast 
blowing, and occasioned a great revolution and im- 
provement in the fabrication of that valuable and 
highly usSful metal. • 

A furnace similar to the above was probably used 
by the ancient Britons at a very early period. Some 
historians suppose that the Britons obtained their 
knowledge of the art of smelting iron during their 
intercourse with the Phenicians, who traded with 
them for tin. This intercourse appears to have lasted 
k about 300 years, when it was interfered with by the 
Greeks about 330 b.c. The tin ingots were con- 
veyed from Cornwall to the Isle of Wight, and sold 
to the foreign merchants who reported there. 

Diodorus Siculus, speaking of the Britons of the 
Land’s End, Cornwall, says that they live in a 
very hospitable and polite manner, which is owing 
to their great intercourse with foreign merchants.” 
Caesar also states that, before his time, the trade of 

* The ore is commonly called mine by*thf workmen. • 
t Mushet, Papers on Iron and Steel. 
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Britain, being carried on by. the Gauls, the greatest 
number of ships from the continent came to the 
Kentish ports, whose inhabitants ware thet most 
polite and conversant with foreign merchants. Strabo 
mentions iron as one of the exports of Britain. So 
that it seems tolerably clear that, prior to the Roman 
invasion, the Britons had discovered or been taught 
the art of working iron. That such was the case is 
further proved by the vigorous resistance offered by 
the Britons to their Roman invaders. Their war- 
chariots were armed with scythes and hooks, and 
their cavalry were furnished with broadswords and 
spears. 

When once the Roman conquest was secure, the 
arts were carried on to an extent’ before unknown in 
the island. After the arrival of Adrian (a. d. 120), 
the fabrica or great military forge was established at 
Bath; and similar establishments were formed in 
different parts of the country. “ Bath would be a 
spot of all others calculated for such an edifice ; con- 
tiguous to the hitis of Monmouthshire and Glouces- 
tershire, where iron ore was found in the utmost 
plenty, and centrical in situation for the distribu- 
tion of the arms which were made At its furnaces, to 
every part of the kingdom.” * 

The successors of Adrian continued to work the 
iron mines till the final abandonment of Britain by 
the Romans about «a.d. 409. Immense beds of iron 
cinders, left by the, Romans, have been discovered in. 
the forest of Dean in Monmouthshire, in Yorkshire, 
and other, counties, among which have been found 
Roman coins, and t$ic remains of altars inscribed to 
the god who presided over iron. Many of these 
heaps are also called Danei tinders , from the idea, 
probably a correct one, that during the occupation of 
England by the Danes, the smelting of t iron was 
carried on largely by that people. From the rude 
method of smelting in these early times, a portion 
* Somvenor, History of the Iron Trade . 1341. 
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only of the ore was reduced, and it has been found" 
grofitable, in modern times, to smelt .these cinders 
over again. F<flr nearly 200 years* the blast furnaces 
•in the Dean forest used nearly one half of the fur- 
nace burden of these* slags* or cinders, which were 
found highly advantageous to mix with the calcareous 
ores of the district. * 

Scarcely any mention is made of iron in the 
interval^ between the Saxon and tl*e Norman con- 
quest. The Anglo-Saxons bestowed especial honour 
on artificers who,excclled in fabricating swords, arms, 
and defensive armour, all persons being required by 
law to have arms. According to Camden, the chief 
trade of the city of Gloucester before and at the 
time of the Norman conquest, was the forging of 
iron; and it is mentioned in Doomsday-book, that 
scarcely any other tribute was required from that city, 
than thirty-six dicarsf of iron, and 100 iron rods, 
for nails or bolts, for fhc use of the royal navy. 
Gloucester was supplied with iron from the forest of 
Dean. ‘ • 

From the conquest to the death of John, iron and 
steel were imported from Germany and other coun- 
tries; the “ Gcrftiau merchants of the steel yard” 
probably deriving that title from the article imported 
by them, and sold at a place called u The Steel Yard.” 
The art of making defensive armour was, during this 
period, carried to great perfection, and a smith or 
jarmourer was considered a necessary appendage to the 
establishment of every knight. 

During all this time, the fuel used in smelting iron 
was wood-clfcircoal, the use of cflal coke being un- 
known, Hence the iron mines were all situated in 
the ^vooded districts of England. Iron mines were 
almost unknown in the north of England, and the 
metal was. of course very scarce, and highly prized. 
In a predatory expedition made by the Scots in the 

* Mushet. • | • 

f A dicar contained ten bars. 
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tenth year of Edward IL 1 ’s .reign, no iron was found 
worth seizing, until they came to Furness in Lanca- 
shire, .where they discovered a quantity manufac- 
tured, which they preferred to all other plunder. In 
consequence of this scarcity of iron, its exportation 
was prohibited in the twenty-eighth year of Ed- 
ward III. 

Hitherto all articles of iron were forged, the art of 
casting not having yet been invented ; nor is it easy 
to determine when castings first came into use. 
Cannon are mentioned as early as 1327, and are 
supposed to have been first used in England by 
Edward III. in his invasion of Scotland. They 
were first made on the same principle as coopers 
construct their barrels : “ a number of iron bars 
fitting as close as possible to each other, were 
arranged round a cylinder of wood, and were then 
bound together by strong iron hoops, the wood being 
driven out, there remained an iron pipe which formed 
the barrel. This mode was superseded by casting 
the cannon of bronze; and at the end of Queen 
Elizabeth’s reign, it i3 said, the English first at- 
tempted to substitute iron for bronze, being induced 
thereto by the greater cheapness of the latter mate- 
rial, by its greater strength to resist the explosion, 
and by its greater infusibility, which secured such 
pieces of ordnance from running at the touch-hole.” 

During the fourteenth and fifteenth centuries, 
England was supplied with various manufactures of 
iron and steel, by Germany, Prussia, and Spain : but, 
as the home manufacture had considerably improved, 
the manufacturers of London and other towns, think- 
ing the competition of foreigners to be a grievance, 
presented a petition to the House of Commons, in 
1483, complaining thereof; whereupon an act was 
passed, prohibiting the importation of knives, hangers, 
tailor’s shears, scissors, andirons, fire-forks, gridirons, 
stock-locks, keys, hinges, and garnets, spurs, bits, 
stirrups, buckler-chains, latten-nails with iron shanks, 
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buckles for shoes, shears? iron-jvire, iron candlesticks, 
grates, &c. t 

The £reat arifl. increasing demand for jron £ause£ 
*the extension of iron jyork^to different parts of the 
island. Camden states, that ft Sussex is full of iron 
mines everywhere, for the casting of which there are 
furnaces up and down the country, and abundance 
of wood is yearly spent ; many streams of water are 
drawn into one chanpel, and a great deal of meadow 
ground is turned into pools for the driving of mills 
by the flushes, vdiich beating with hammers upon the 
iron, fill the neighbourhood night and day with their 
noise. But the iron here wrought is not everywhere 
of the same goodness, and in general more brittle 
than Spanish iron. It yields, however, no small 
profit to the proprietors of the mines, who cast can- 
non and other articles in it.” At the time when 
Camden wrote, Sheffield had become “remarkable, 
among many other plSces hereabouts, for black- 
smiths, there being much iron digged up in these 
parts;” ai^l it is curious to mark the ignorance of 
the inestimable value of the ooal and iron formations 
of Staffordshire, in the following passage from the 
same writer, licferring to this county,, he says : — 
“ The south, which has much pit-coal, and mines of 
iron, but whether more to their loss or advantage, 
the natives themselves are the best judges, and so I 
refer it to them.” * 

• The vast consumption of wood #by the iron smelt- 
ers, had occasioned so great a scarcity of that article, 
that in the first year of Elizabeth’s reign an Act was 
passed by which it was enacted* that no timber of 
the breadth of one foot square at the stub should be 
cut down for the purpose of making charcoal for the 
iron manufacture in any place within fourteen miles 
of the sef^ or of any navigable stream, except in the 
county of Sussex, in the weald of Kent, and a few 
other places specified. In 1581 a further Act «wa3 
passed limiting the erection of iron works, stating as 
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a reason that “ the necessary provision of wood, as 
well as timber fit for building, and other uses, as 
glso a]l other fellable timber serviflk for fufcl, doth 
daily decay and become scant, and will, in time to 
come, become much more scarce, by reason whereof 
the prices are grown to be very great and unreason- 
able.” Four years later an Act was passed prohibit- 
ing the erection of any new iron works in Surrey, 
Kent and Sussex, and forbidding the use of timber 
of the size of one foot square at the stub as fuel at 
any iron work. 

It was not till the scarcity of charcoal had stopped 
many iron works, that attempts were made to use 
pit-coal in the smelting furnace. Pit-coal had been 
wrought at Newcastle, prior to the year 1272, and 
vast quantities were annually exported to Holland 
and the Low Countries for the use of the smithy. In 
England, however, strong prejudices existed against 
its application to the manufacture of cast or malle- 
able iron, as will be seen by the following details. 

Many persons 1 during the reigns of James I. and 
Charles I. attempted to use coal, but none were suc- 
cessful except Dud Dudley, who states, that “ having 
former knowledge and delight in iron works of 
my father’s when I was but a youth, afterward, 
at twenty years old, was I fetched from Oxford, then 
of Baliol College, anno 1619, to look over and 
manage three iron works of my father’s, one fur- 
nace, and two forges, in the chase of Pensnet, in 
Worcestershire; but wood and charcoal growing 
very scanty, and pit-coals in great quantities abound- 
ing near the furnace, and to attempt, T)y my new 
invention, the making of iron with pit-coal, assuring 
myself in my invention, the loss to me could no* be 
greater than others, nor so great, although my suc- 
cess should be fruitless ; but I found suclusuccess at 
first trial as animated me ; for, at my trial, or blast, 
I made iron to profit with pit-coal, and found facers 
est adders invent ioni. After I had proved by a second 
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blast and trial the feasibility # of making iron with 
pit-coal, and sea-coal, I found by my new invention 
the quality to MS good and profitable, but # the quan-* 
tity did not exceed ^bove # three tons per week, 
though I doubted not in future to have advanced my 
invention to make quantity also.” 

Application was made to James I. for a patent 
for this invention, which was immediately granted 
for thirty-one years but in the year after the dftte 
of the patent, Dudley’s iron works were de- 
stroyed by a groat flood, “to the joy of many iron- 
masters, whose works escaped the flood, and who had 
often disparaged the author’s inventions, because the 
author sold good iron # cheapcr than they could afford 
it, and which induced many of the iron-masters to 
complain unto King James, averring that the iron 
was not merchantable. As soon as the author had 
repaired his works and inventions, to his no small 
charge, they so far prcvsffled with King James, that 
the author was commanded, with all speed possible, 
to send al[ sorts of bar-iron up fo the town of 
London, fit for making of muskets and carbines ; and 
the iron being so tried by artists and smiths, that the 
iron-masters, and ironmongers were ail silenced until 
the twenty-first of King James.” In this year all 
monopolies were put an end to, except the patent 
just mentioned, which was, however, limited to four- 
teen years. “ After which act tin? author went on 
cheerfully, and made annually great store of iron, 
good, and merchantable, and sold it at VM. per ton. 

I also made all sorts of cast-iron wares, as brewing- 
cisterns, pots* mortars, and bette? and cheaper than 
any yet were made in these nations with charcoal.” 

The opposition of the iron-masters at length pre- 
vailed, and poor Dudley was turned out of his iron- 
works; on.what ground, however, does not appear, 
for he says it would be 66 over long to relate.” He 
then proceeded to Himley furnace, i$ ^Staffordshire, 
where he made much iron with pit-coal; w but 
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wanting a forge to m$ke itnnto bars, was constrained 
for want of- stock to sell the pig-iron unto the 
k charaoal i^on-masters, who did him much prejudice.” 
After this he erected a large furnace, “ twenty-seven 
feet square, all of stone,” at Haseobridge in Stafford- 
shire, where he made seven tons of iron per week, 
“the greatest quantity of pit-coal iron that ever yet 
was made in Great Britain. Near which furnace the 
author discovered many new £oal mines, ten yards 
thick, and iron mine under it, according to other coal 
works; which coal works being brought unto per- 
fection, the author was by force thrown out of them, 
and the bellows of his new furnace and invention, 
by riotous persons, cut in pieces to his no small preju- 
dice, and loss of his invention of making of iron with 
pit-coal, &c. ; so that being, with law-suits and riots, 
wearied and disabled to prosecute his art and inven- 
tion at present, even until the first patent was 
extinct.” ' 

The subsequent history of Dudley is but a further 
illustration of tfie fate common to first inventors of a 
useful process or machine; he lost most of his property, 
and was imprisoned for debt. While he was thus 
engaged in law, the country was distracted by civil 
war; his claims were forgotten, and his voice was 
too weak to be heard in the general confusion ; but 
he had the mortification of witnessing the grant of a 
patent by Cromwell to one Captain Buck, for mak- 
ing iron with pit coal; and he spates that Cromwell 
and many of his officers were partners in the scheme. 
The plan, however, proved a total failure. At the 
Restoration, Dudlby presented a memorial to Charles 
?II., which is exceedingly interesting, and contains a 
clear and masterly epitome *of the state of* the- iron 
trade at the time, and also of the attempts to make 
iron with pit coal. We can only find space for one 
extract from -this document. , 

• c God of |lii£ infinite goodness — if we will but 
take notice of his goodness unto this nation — hath 
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made this country a very* cranati, for the supplying 
these men with i^on, coal, and lim§, made with coal, 
yvhich hath much supplied the men with corn a!lso of* 
late ; and from these men, a? great part not only of 
this island, but also of His Majesty’s other king- 
doms and territories, with iron wares, have their 
supply ; and wood in these parts almost exhausted, 
although it were of late a mighty woodland country. 
Now, if* the coals and ironstone so abounding were 
made right use of, we need not want iron as we 
do, for very man^ measures of ironstone are placed to- 
gether under the great ten yards thickness of coal, 
and upon another thickness of coal, two yards thick, 
not yet mentioned, called the bottom coal or heather 
coal, as if God had decreed the time when and how 
these smiths should be supplied, and this island also, 
with iron; and most especially, that this coal and 
ironstone should give the first and last occasion for 
the invention of making iron with pit-coal, no place 
being so fit for the invention to be; perfected in, as 
this country, for the general good ; whose lands did 
formerly abound in forests, chases, parks, and woods, 
but exhausted in these parts.” 

Dudley does not seem to have succeeded in his 
application, and with one exception, the attempt to 
produce iron in large quantity was. gradually for- 
gotten. The failure does not seem to have arisen 
from an ignorance of the art of converting coal into 
"coke, for Dr. Plot, .in his History of Staffordshire, 
(published 1686 ,) says:— "They have a way of 
charring the poal, in all parti cularg, the sarrfe as they 
do wood, whence the coal is freed from noxious steams, 
&c. The coal thus prepared, they call cokes, which 
conceives as strong a heat almost as charcoal itself, 
and is as fit for most other uses; but for melting, 
fining, and refining of iron, which it cannot be 
brought to do, though attempted by tne most skilful 
and curious artists.” • I • 

It was not till the early part of the next century 
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that attempts to substitute pit-coal for charcoal were 
renewed. Irl 1713, Mr. Darby, of Oolebrooke Dale, 
«was the fi*st to use pit-coal ; but the progress of the 
manufacture must have* been* slow, for in the Philo- 
sophical Transactions, for 1747, it is stated as a 
sort of curiosity, that “ Mr. Ford, from iron ore and 
coal, both got in the same dale, makes iron brittle or 
tough as lie pleases; there being cannon thus cast, 
so soft, as to bear turning like wrought iron. r 

The method of using the new fuel was many years 
in becoming generally known, dilring which, the 
quantity of iron produced became less and less, 
while the demand for it was every year increasing. 
Immense supplies were obtained from Russia and 
►Sweden, and it was not until machinery became 
greatly improved, and the steam engine bad imparted 
an almost irresistible strength to the arm of man, 
that the immense beds of poal and iron-stone were 
made to operate upon each other in the production 
of iron. t 

While this change in fuel was operating, the 
manufacture became reduced to a very languid state, 
so much so, that by the year 1740, the number of 
furnaces had decreased to fifty-nine, being only 
three-fourths of their previous number; and their 
annual produce had fallen to 17,350 tons. This, 
however, was thc^lowest point of degradation, for as 
soon as the method of using coke instead of wood was 
understood, the manufacture revived; so that in 1788, 
the number of tons of pig-iron produced amounted to 
61,300 tdns; in 1796, the quantity wag increased to 
108,793 tons; in 1806, to 250,000 tons; in 1820, 
380,000 tons; in 1827, to 654,500 tons; and in 1845, 
the annual quantity was estimated at 1,250,000 tons. 

By noticing the increasing quantity of iron pro- 
duced by one furnace under the above “dates, we 
obtain a striking illustration of the extent of the 
demand, and (the vast improvements effected in the 
ralsiufacture. 
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Thus in England alone, during little more than a 
century* the produce of iron has increased from 
seventeen thousand to a million and a quarter tons; 
and the yield of tach furnace during the same period 
has been multiplied nearly twenty fold. 

The change in fuel also naturally affected the 
locality of the manufacture. In 1740, Gloucester 
produced a much larger quantity of iron than 
any other county in Britain. Sussex had the 
greatest number of furnaces; there were a few in 
Kent, and a few in the midland counties and along 
the Welsh borders. Afrcr the introduction of coke, 
the coal counties began to assume t\pit rank in con- 
nexion witfi iron, which for so many ages had 
belonged to the woodland districts. Shropshire, 
Staffordshire, and ^outh Wales rose into importance, 
and for some years past the greatest quantity of iron 
has been produced in South Wales; while in point 
of skill in the production of a superior metal, Shrop- 
shire and Staffords] lire have attained the highest 
excellence. 

• Thus “in whatever point of vi6w the iron trade 
may be considered with regard to this country, the 
advantages derived from its progress hitve been 
great: whether we consider it as having cleared the 
country of vast tracts of wood — affording at the 
same, time an ample indemnification for the labour 
bestowed — the consequent improvement of climate, 
and the spread of agriculture ; as having placed us 
at the head of the jnanufacturing countries of Europe; 
as affording us at all times a plentiful* slhpply for the 
construction of every species of machinery ; or, as 
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having been a sourco-of wealth to many individuals, 
and at the sahne i} me, affording a competent recom- 
C pcnsd for* the labour of . a number of our fellow- 
creatures.”* * *• 


DISTRIBUTION OF IRON ORES— MINING OPERATIONS/ 

The profusion with which iron is scattered over 
the earth has been already alluded, to. its ores arc 
very numerous, but not equally adapted to the pur- 
poses of the manufacture ; for in some specimens 
the quantity of metal is too small for profitable 
working, while in others it is combined with sub- 
stances which would injure the quality of the iron. 
All the ores at present used in the manufacture 
fall under two great divisions : the one including ores 
in which the iron is united with oxygen, and con- 
taining scarcely any other substance ; and the other 
comprising those in which the oxide of iron is in 
union with carbonic acid, and is mixed" with clay, 
lime, and other earths. Belonging to the first class 
is the magnetic iron ore , found 'chiefly in primitive 
countries ; it is very abundant at Roslagcn, in Swe- 
den, where it is manufactured into a bar-iron, of 
great value in making steel. A second variety of 
native oxide of Iron is called iron glance , specular, 
and micaceous iron ore. The beautiful iron ore of 
Elba belongs to this variety. A third variety is the 
Haematite , or red ironstone , which is abundant near 
Ulverstone, in Lancashire, and is much used in 
making iron for iron plate and wire. The second 
division is the source from which by far the great- 
est quantity, of iron is obtained, not that the ores 
are by any means so rich in metal as those first 
noticed, but from the single circumstance of their 
being associated with the fuel required to smelt 

* Mushbt. 
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them. The clay ironstorte is thp substance from which 
Staffordshire, Shropshire, Wales ; Derbyshire, and 
Scotland, prodflee such enormous quantises of iron* 
"and not only are these districts furnished with 
abundance of iron ore and coal, but, generally, at no 
great distance there is the limestone for fluxing the 
ore, sandstone for building, and refractory fire clays 
for the furnaces. # 

The •ironstone usually occurs in horizontal strata, 
subject, however, to the same inclination as the other 
strata which it •accompanies. It is generally found 
imbedded in schistus clay, more or less compact, 
which moulders away when exposed to the air. The 
ironstone is met witl; under two different forms ; in 
regularly connected strata called bands , and in strata , 
of detached stone, formed in distinct masses, from the 
size of a small bullet to that of lumps of several 
hundred pounds weight. Small and middling-sized 
stones, and which generally have a flat ovular form, 
are called ball stones ; those of great weight are 
named lungers. In Staffordshire, a variety of local 
names are applied to the irohstone : when found in 
beds or seams, the miners call it blue flats , blue clist , 
and whitestone ; when it is found in bal^s or lumps, 
imbedded in clay, the different qualities are ex- 
pressed in terms which will convey little or no 
meaning to the reader, such as clunch\ binds , ironstone- 
bearer , penny -earth, yubbin-stone , poor robin , &c. 

• When the ironstone occurs near the surface, all 
that is necessary to procure it is, to remove the soil 
and earth ; the stone then presents itself like a pave- 
ment, more or less inclined. Jt # is easily raised by 
the application of wedges, bars, &c., but as all 
secondary strata descend, the stone of course becomes 
gradually buried under an accumulating depth of 
earth, which is more and more expensive to remove. 
Horizontal galleries are then perforated under the 
soil, to the extent of from 100 to 24<J yards, so as to 
fall in with the declivity of the strata. In Scotland, 

b • 
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these galleries are called the barrow roads . When 
the miner has ai?*ived at the end of* one of these 
^galleries, he turns round and commences an* excava- 
tion on his right and left hand, proportioned to the 
rise and dip of the stone, to the extent of several 
yards on each side ; the accompanying shale and rub- 
bish are packed into the vacant space behind him, 
or # it is wheeled to the mouth of the gallery along 
with the ironstone. In this way the minor clears 
out the whole ironstone contained in 100 to 240 
yards in the length, and in 20 to 30 yards in width. 
The thickness of the band may not exceed four 
inches, but, if of good quality, this is quite sufficient 
to pay the expenses of* working. The height of the 
gallery is commonly so small, that the miner is 
obliged to perforin his work lying upon his side ; the 
wheelers are likewise obliged to push the barrow on 
all fours. These galleries are cooler than coal mines 
at the same level ; but they are also more wet and 
dirty. The c\iief danger to which the miner is 
exposed arises from the occasional falling in of a 
portion of the roof ; there is little or no danger from 
noxious gases, such as occur in coal mines. 

When the galleries have been carried on for a 
certain length, the expense of wheeling out the stone 
becomes too great : a more economical method is 
therefore adopted. A pit is sunk at a spot from 
160 to 200 yards farther on the same line of 
level, and when” the ironstone *is found, the miner 
sets off another gallery or barrow road towards his 
former forking, v and continues till Jie meets the 
termination of Ins old waste: then, as before, he 
returns, carrying off* a similar portion of ironstone 
from each side of the gallery. The other side of 
the pit is next perforated, and when all the ironstone 
is obtained, another pit is sunk at a similar distance 
from the termination of the second gallery in the 
first, and tlAs »opens a new field of supply. This 
^process is repeated until the field is totally exhausted. 
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These extensive excavations commonly collect a 
• considerable (quantity of water, removed in 

varioiffe ways, such as running a counter gallery *s 
near to the declivity «of the metals as possible, and 
passing the water into it; or the water is extracted 
from one general reservoir by means of pumps worked 
either by water wheels or the steam engine. 

When the ground is tolerably level, and the iron- 
stone is at some depth, a pit is sunk at once from 
the surface. Galleries are run from this pit at dif- 
ferent depths, for the purpose of working both the 
coal and the ironstone. In a pit near Wolverhampton, 
visited by the writer, the galleries were of sufficient 
height to allow a horse to work in them. The iron- 



COAL, AN1) IKON PIT 

stone was loaded in small carriages, moving upon a 
rail road, and drajvn by the lior«c to the mouth of 
the pit. Here a sort of circular platform was loaded 
with the stone to a considerable height; the mass 
being supported by loose, flexible bands of iron. 
When drawn up to the top, a platform was wheeled 
over the mouth, upo\i which the load was rested 
while being unpacked. The ironstone is spread over 
the surface of the ground, in a heap two or three 
feet high, preparatory to its being roasted. The ap- 
pearance of an iron district which •h£s been exten- 
sively excavated, is sometimes not a little curious : 
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portions of the groufld give way; houses assume 



THK MOUTH 1 "'F FIT 

various inclinations; walls crack and totter, and arc 
only prevented from falling by huge unsightly but- 
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tresses. The preceding fcut is from a sketch taken in 
Golebrooke Dale, situated on the upper course of the 
.Severn* in the county of Shropshire. The Dale is» 
enclosed by limestone rocks* covered by a succession 
of richly wooded knolls, presenting a succession of 
pictures, whose beauty is much obscured by smoke, 
and their tranquillity interrupted by the sound of the 
hammer and the roar of the furnace. • At night-fall, 
the appearance of tke Dale is peculiarly striking, 
being lit up by the flames of the blast furnaces of 
Horse Hey and Bawley, dissipating the darkness for 
miles around, by a flickering, uncertain light, which 
is painful to the eye, and destructive '“of the repose 
which belongs to the night season. 

ROASTING TIIE ORE. 

The first operation in the manufacture of iron is 
roasting the ore, whiefl is done in kilns or fur- 
naces, or in large heaps in the open air. When fur- 



&OASTIKG TIIE IRONSTONE IN KILNS. 


30 ARTS AND MANUFACTURES. 

naces arc employed, 'they arc filled entirely with 
ironstone, except a* stratum of coals yi the bottom, 1 
fine combustion of which . produces the effect re- 
quired. After the ironstone* is sufficiently burnt, 
the register is shut up, the fire goes out, and when 
the furnace is cool enough, the ore is removed to the 
smelting house. 

The more eoifimon method, however, is to roast 
the ironstone in heaps, for whidi purpose a piece of* 
ground is levelled, and covered with a layer of small 
pit coal, four, six, or eight inches tliftk. The pieces 



liutbiiNU Tilt nioNsrosi; in heaps. 


of ironstone, as ne$r the same size as .possible, are 
imbedded upon this to the height of from eighteen 
to twenty-four inches. This surface is again levelled 
by introducing small pieces of^ironstone in the spaces 
left by the larger pieces. Upon this small coals are 
again cast, to the depth of two inches. Ironstone is 
then piled up, gradually narrowing to a wedge-shaped 
heap, and then the whole is covered over with small 
coal. The pile is lighted by applying burning coals 
to the ground stratum. The fire creeps slowly along. 
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gradually inflaming the tvhole Jieap from the bottom 
to the top. When the coals are all # burnt out, the pile 
^gradually cools; and in eight or ten days vb is fit folk 
the furnace. • , 


COKING TIIE COAL. 

In cold blast furnaces, or those in which cold air is 
used Uf excite combustion, the coal used in the* re- 
duction of the ironstone has to be converted into 
coke. Coking fe performed upon a flat oblong or 
circular surface called a hearth : this is prepared 
by beating it firmly, and puddling it over with clay. 
The coal is arranged, on the hearth in pieces re- 
gularly inclining to each other, care being taken to ( 
place each piece on its sharpest angle, so that the 
smallest possible surface may touch the ground. By 
this means spaces are preserved for the admission of 
air necessary to ignite nic coal, and room is left for 
the swelling of the various masses. # In building the 
pile a number of vent holes arc left, extending from 
the top to the bottom. In first igniting the heap, 
burning fuel is ppt into these vents, which arc then 
stopped by small pieces of coal, to present the fire 
from ascending, and to force it to seek a passage by 
creeping along the bottom, where there is the freest 
access of air. When the fires of the different vents 
meet, the combustion gradually rises and bursts forth 
on all sides. Sooit after the smoke has ceased, the 
fire is covered up with the dust and ashes of former 
burnings, beginning at the base, and gradually heap- 
ing it up to the top. 

The quantity of coals coked in one hearth varies 
from forty to eighty of a hundred tons. The time 
required to produce good coke depends on the kind 
of coal used, and the state of the weather. The 
combustion may be complete, and the heap com- 
pletely covered over, in from fifty to twenty hours ; 
but it will not be cool enough for drawing under 
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twelve or fourteen days. There is an enormous loss 
of weight in converting coal into cok^ Mr. Musliet 
(bund that- 1 - 


2,240 lbs. of free coals 

2,240 lbs. of Hplint and 
free coal, mixed 
2,240 lbs. of splint, 
•• slightly mixed 
2,240 lbs. of pure splint 


yield 700 lbs. 

of coke, 
yield 840 lbs. 

of coke, 
yield 1 ,000 lbs. 

of coke, 
yield 1,100 lbs. 
of (Joke, 


making a loss of 
1 540 lbs. 
making a loss of 
1,400 lbs 
making a loss of 
1,240 lbs 
making adoss of 
1,140 lbs. 


The appearance which all these coking fires give 
to an iron district by night is very striking; and in 
Wales, where the heaps are extended to a con- 
siderable length, the spectacle is described as being 
grand and imposing. cc The long rows of flame pro- 
duced by the burning of many hundred Ions of coal, 
extending over a vast space of ground, and flickering 
in the wind ; the black, gfe>tesquc figures of the 
cokers brandishing their long rakes, and partially 
visible through the thick lurid smoke, with the 
roaring of the blast and the noise of machinery, seem 
to realize the descriptions of Virgil or Dante rather 
than any thing familiar to our experience in this 
habitable world.” 


SMELTING. 

The ironstone, cuke, and flux, being properly pre- 
pared, are brought to the blast furnace, which is the 
most important feature in an iron worl$, rising as it 
docs to the height of from fifty to seventy feet, and 
lighting up the country around like a small volcano. 

The external form of the smelting furnace is that 
of a truncated pyramid ; it is built of strong masonry, 
with contrivances to prevent cracking by the expan- 
sion which takes place when it is Jrought to the 
state of intense beat necessary to smelt the ore. The 
interior of the furnace consists of five parts, which. 
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reckoning from the bottom upwards, are as follows : — 
.1. The hearth , which is composed of a single block of 
quartz* grit ab<fht two feet square. 2. ppon. this 
erected what is sometimes # called the crucible , which 
is a four-sided cavity six feet and a half high, slightly 
enlarging upwards, so as to be two feet and a half 
square at the top. 3. The part above this, called 
the boshes, is in the form of a funnel pr inverted cone, 
eight fcet in perpendicular height, and twelve 'feet 
in diameter at the top ; this is the widest part of the 



» SECTION OF HOT BLAST FURNACE 

interior, and teiyninates (4.) the cavity of the furnace, 
which is conical in shape, and expends upwards to 
the height of thirty feet, the diameter at the top not 
n 3 
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being more than three feet : here it again enlarges 
into (5.) the chimney, which is about eight feet 
high and srxtcen in diameter at its' mouth. This 
form at the upper part has been modified since the 
introduction of the hot blast, that given in the section 
being preferred. 

About two feet above the hearth three openings 
are made in the sides of the crucible to admit the 
extremity of the blast pipes, through which air is 
forced into the furnace, and at the bottom of the 
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crucible are openings through which the scoria? and 
melted metal are from time to time discharged. 

The cavity of the furnace receives a double lining 
of fire-bricks made expressly for the purpose. A 
space three inches broad is left between the two 
linings, which is filled with moist. loamy sand. This 
space is allowed lor any expansion which might take 
place in consequence of the swelling of the materials 
when the furnace is at work. 

The above are the dimensions of a moderately 
sized furnace. The largest furnaces probably in the 
world are those of South Wales, the diameter at 
the boshes or widest part being in some bases from 
15 to 18 feet, and having a capacity equal to 7000 
cubical feet. ' Such a furnace when at work will 
contain at least 150 tons of ipmited materials. In 
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Staffordshire, Shropshire, and # other parts of England, 
.a furnace seldom exceeds 13 or 14 feet diameter at 
the bofches. # * # * • 

When a new furnace has been erected, consider- 
able care is required in raising it to the temperature 
necessary for smelting iron. A temporary fire-place 
is first erected at the lower part, to which the whole 
cavity of the furnace is made to act as a chimney; 
so that when the firpis lighted the draught is violent, 
and much heat is carried up. This fire is kept 
burning for abput three weeks, at the end of which 
time the furnace is sufficiently dry to receive a charge 
of coke ; the temporary fire-place V* removed, and 
other preparations made for the purpose. A quantity 
of ignited coke is thrown in, and this is gradually in- 
creased until the whole cavity is filled. The quantity 
required by a furnace of the dimensions given above 
will be about 99,000 lbs. ; the splint coal for which 
would weigh 198,000 As. “When we reflect,” says 
Mr. Musket, “ that this vast body of ignited matter 
is replaced every third day when the furnace is 
properly at work, a notion* may be formed of the 
immense quantity of materials required, as also the 
consequent industry exerted to supply one or more 
furnaces for the space of one year.” 

All the materials are conveyed in wheel-barrows, 
and thrown into the furnace at its mouth or chimney. 
Where there is a regular incline Hirom the coke-yard 
or kilns to the furnaces, the loaded barrow is wheeled 
directly to the furnace top ; but in a flat country the 
barrows are arranged on stages, which ai;e supported 
in a horizontal position, and drawn up an inclined 
plane as shown in the annexed cut, which represents 
sopic furnaces near Hanley, in Staffordshire, which 
were visited by the writer. At the top of the in- 
clined plane is a gallery sufficiently wide for wheel- 
ing the barrows round to the three mouths with 
which each furnace is provided, and into these a man 
called the filler throws the contents of each barrow. • 
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At the furnaces at Horse Hey there is a regular 
ascent from the coke-yard to the mouths of the fur- , 
iW.ee, and srpall carriages moving on a < railroad bring 
, up constant supplies of qpke Qr coal, ironstone and 



BLAST FORK ACES. 

limestone, which are weighed in certain proportions 
and conveyed in barrows to the mouths of the fur- 
naces, as shown in the following cut. 

When the furnace has been sufficiently heated 
by coke, proportionate charges of coke, ironstone, 
and blast furnace cinders are added. At first the 
ironstone bears oifly a small proportion to the 
weight of the coke, but this is afterwards increased 
to the full burden. ^ The filling is continued regu- 
larly, and when the top of the furnace has acquired 
a considerable degree of heat, the blast is introduced. 

The blowing machines vary considerably in con- 
struction at different works ; a very common arrange- 
ment is to have a cylinder at the end of the beam of a 
steam-engine of twenty or thirty horse-power, closed 
at both ends, with a piston moving throughout its 
length. Towards the top and bottom of this cylinder 
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Jirc orifices covered with valves, opening inside, and 
closing byjheir own weight. When the piston is 
moving downwards and expelling the air below it 
out of the cylinder, a fresh supply of air rushes in 
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through the upper valve, so that by the time the 
piston is ready to make its up-stroke the cylinder is 
ftgain filled. During the up-strokc all the aiV above it 
the piston is expelled, and therlower valve opens, and 
air rushes in to fill the cylinder below the piston. 
It is evident, however, that this action would not 
produce a regular blast : the air is, therefore, rc- 
ceiyed into a large metal box or globe, and the 
elasticity which it here acquires by compression 
causes it to issue in a nearly equable stream. This 
vessel is furnished with a safety vaWe, by which the 
pressure of \\\y, air is regulated, the pressure being 
made to vary according to the nature of the fuel and 
the season of the year. In summer, when it is more 
rare, it is expelled under greater pressure. The 
limits arc from 1.J lbs. to 3J lbs. on the inch, in addi- 
tion to the average pressure of the air, which is 14 j 
lbs. on the square inch of surface. The orifices, or 
nose pipes, through which the air issues, also vary 
with the nature. of the coke and the ore, from ‘2to to 
2^ inches in diameter. « 

We are so much accustomed to consider air as 
having little or no weight, that thp fact may perhaps 
excite surprise that the weight of the air sent into 
the furnace in the twenty-four hours is at least four 
limes as much jis that of the charge. In a cold-blast 
furnace near G lajgow a few years ago, the volume of 
air thrown in, when reduced to atmospheric pressure, 
was estimated at? 6,292 cubic feet per minute, the 
weight of which in 24 hours would be 6,192 hundred 
weight, while the, whole weight of tlje charges of 
coke, ore, and limestone during the same period was 
no more than 666 cirt. 9 so that in this case the 
weight of air was more than nine times and a quarter 
that of the charges. This, however, was an extra- 
ordinary case ; but by another calculation it appears, 
that an ordinary cold blast furnace consumes as much 
aif as is required for the respiration of 200,000 
^persons. 
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As we are tracing the opemtions for a new fur- 
nace, it is necessary here to remark, that before 
admitting the blast certain .preparations ar£ necessary* 

The dam-stone c is laid in ite place 

and firmly imbedded in fire clay ; V j 
the dam-plate d is again imbedded j 

on this with. the same cement, and \ | 

the same inclination is given to it. * A i 
On the*top of this phite is a slight ® j j 
depression curved outwards, for 41U | 

allowing the scotia to flow off in a r f 

connected stream as it tends to sur- 
mount the level of the dam. From this* notch to the 
level of the floor, a declivity of brick work is erected, 
down which the scoria flows. The opening between 
the dam and the side walls of the furnace, called the 
fauld , is stopped up with sand, and the furnace bottom 
is covered with powdered lime or charcoal dust. 
Ignited coke is then allowed to fall down, and is 
brought forward with iron bars nearly to a level 
with the dmm. The tuyere hqle is opened and lined 
with a soft mixture of tire clay and loam. The blast 
is first introduced through a small discharge pipe, 
which is afterwards increased in size. In about two 
hours after blowing, a considerable quantity of lava 
will be accumulated, which is admitted to all parts of 
the hearth, and soon thoroughly Injats and glazes the 
surfaces of the fire-stone. It then rises to a level 
* with the notch in. the dam-plath, and flows over. 
When the metal has risen nearly to a level with the 
dam, it is let out by cutting %way the* hardened 
loam of the fauld, and conveyed by a channel made 
in sand in front of the furnace to its proper desti- 
nation, which will be further noticed presently. 

In six days from the commencement of blowing, 
the furnatfe will have wrought itself clear, and will 
have acquired capacity sufficient to contain from 
5,000 to 7,000 lbs. weight of iron. Att t\iis period *the 
charge will be in the following proportions : — 400 lbs. 
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of coke, 33611)8. of ironstone, and 100 lbs. of limestone. 
This charge is thrown into the furnacg every hour. . 
• The actkm of the coke,, ironstone, and lirftestone 
upon each other in the •furnace is somewhat com- 
plicated, and it may perhaps be sufficient to state that 
they ultimately form at the bottom of the furnace two 
liquid products, one of which is a glass composed of 
the .limestone in combination with the earthy impu- 
rities of the ore, which when drawn off and left*to cool 
forms solid scorur, dag or cinder ; and the other a com- 
pound of the carbon of the fuel and tlft? metal, forming 
a carburet of icon. As the materials gradually de- 
scend from the top to the bottom of the furnace, the ore 
is undergoing cementation diming several hours in 
contact with the burning fuel, and is almost saturated 
with carbon when it reaches the bottom of the 
boshes, or hottest part of the furnace. Here it is 
that the limestone-flux and the earthy impurities of 
fhe coke and ore run down into a slag; the iron 
also is incited, loses a portion of its carbon, and 
acquires oxygen from the blast. The «fluid mass 
soon sinks to the bottom of the furnace beyond the 
influence of the blast, the iron being the heaviest 
occupies tho lowest place, and the covering of scoria? 
protects it from further loss of carbon. As the 
melted matter accumulates, the slag is allowed to 
flow out, as beforp noticed, and the iron is drawn off 
at intervals every eight or twelve hours, according to 
circumstances. This work is continued with double 
sets of attendants, day and night without intermis- 
sion, for fwo or th$ee years ; for if the furnace were 
allow id to cool, the contents might become solid and 
the furnace he ruined. The writer, however, has 
peculiar satisfaction in learning that arrangements 
have been ntadc at some works for not casting on 
Sundays, so that nothing more is required than the 
attendance of a single workman to keep the furnaces 
supplied with fftcl. 

. Drawing off the iron, or casting as it is called, is a 
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beautiful and striking sffectacl^. The shed in front 
of each furnace is covered with sand to the depth of 
^about tfen or twelve inches ; previous to $acli cast a« 
channel called the sow is formed in the sand, extend- 
ing some forty or fifty feet from the furnace ; branch- 
ing off from the sow at right angles a number of 
smaller channels, called pigs, are formed by burying 
a number of bars of wood of the required size, on the 
removal* of which tho pig-moulds are left sharp and 
distinct. The hole in the bottom of the hearth, 
which was stopped with a mixture of sand and clay, 



is tapped, an^ the molten stream flows out sparkling 
and bright, the light and heat becoming more and 
more intense as it rolls on and increases in volume. 
In oudcr to make the metal flow regularly into the 
side channels, it is necessary here and there to inter- 
rupt the progress of the stream, which is done by a 
long piece of wood, as t the metal does not continue 
sufficiently fluid to fill them up equally) but by this 
method the pigs are all perfectly formed. When the 
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metal is set, the pigs, are broken off from the sow, 
and the latter is also broken to pieces with a large 
fledge han^mcr. * 

Six different kinds of pig P iron are distinguished 
by the manufacturer. The first three, named No. 1, 
jJo. 2, and No. 3, arc considered as foundry metal ; 
they contain carbon in different degrees, but all of 
them in a higher degree than those selected for 
making bar or malleable iron-. No. 1 is saturated 
with carbon, the effect of which is to render the iron 
soft, and very fluid when melted,, so that it will 
adapt itself perfectly to the shape of the mould, and 
is hence used for small and ornamental castings. It 
is also so soft as to yield readily to the chisel. No. 

2 contains less carbon than No. 1 ; it is not so soft 
when cold, nor so fluid when melted; but, being 
harder and stronger, is preferred for those parts of 
machinery which require strength and durability. 
.The quantity of carbon contained in these two sorts 
renders them unfit for being manufactured into bars ; 
but No. 3, or dark grey iron , containing Jess carbon 
than No. 1 or No. 2, <ia,n be used cither for the forge 
or for the foundry. It is much used for heavy 
castings, such as tram plates, heavy shafts, wheels, 
cylinders of steam engines, &c. The next quality 
is called bright iron, from its being of a lighter colour 
and brighter lustre than the foregoing varieties. It 
is used for large tastings, but is not sufficiently fluid 
for fine work. A fifth variety \s mottled iron, the* 
fracture of which is mottled with grey and white. It 
is too thick and brittle for the foundry^ and its use 
is therefore confined to the forge. The last variety 
is called white iron, from its silvery white colour, ft 
is quite unfit for casting, on account of its thickness 
and extreme .brittleness. It contains a smaller pro- 
portion of carbon than any other sort of pig iron. 

The different kinds of iron presgnt different phe- 
nomena in <?onaing out of the furnace, which have 
been well described by Mr. Mushet. He says : — 



THE MANUFACTURE OF IRON. 


43 


"When fine, (No. l.)’or supcrcarbonated, crude 
iron is run from^he furnace, the stream of metal, as 
it issues Ifrom the fauld, throws off an infinite number* 
of brilliant sparkles of carbon. The surface is 
covered with a fluid pellicle of carburet of iron 
[plumbago], which as it flows rears itself up in the 
most delicate folds. At first the fluid metal appears 
like a dense ponderous stream, but as the collateral 
moulds became filled; it exhibits a general rapid 
motion from the surface of the pigs to the centre of 
many points ; millions of the finest undulations move 
upon each mould, displaying the greatest nicety and 
rapidity of movement, conjoined with an uncom- 
monly beautiful variegation of colour, which lan- 
guage is inadequate justly to describe. Such metal 
in quantity will remain fluid for twenly minutes 
after it is run from the furnace, and when cold will 
have its surface covered with the beautiful carburet 
of iron, already mentioned, of an uncommonly rich* 
and brilliant appearance.” 

Very different is the appearance of the inferior 
iron, No. 4, when issuing from the blast furnace. 
From all parts of. the fluid surface, is thrown off a 
vast number of metallic sparks, arising from a cause 
different to that exerted in the former instance. 
The absence of carbon renders the njetal subject to 
the combination of oxygen as soon a as it comes into 
^contact with atmospheric air. Small spherules of 
iron are ejected from all parts of the surface, to the 
height of two or three feet, when they inflame and 
separate with. a slight hissing expjosion into a great 
many minute particles of brilliant fire. These par- 
ticles consist of oxide # of iron. “ The surface of 
oxygenated iron, when running, is covered with 
waving flakes of an obscure smoky flame, accom- 
panied witK a hissing noise ; forming a wonderful 
contrast with tho fine rich covering of # plumbago in 
the other state of the metal, occasionally parting smd 
exhibiting the iron in a state of the greatest appa- 
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rent purity, agitated* in numberless minute fibres, 
from the abundance of carbon united with the 
*metal.” ** s 

As the oxygenated iron cools, its upper surface 
becomes covered with a scale of blue oxide, which 
being removed, a number of deep pits are presented. 
“ This iron in fusion stands less convex than carbo- 
nated iron merely because it is less susceptible of a 
state of extreme division ; and indeed, it seems a 
principle in all metallic fluids, that they are convex 
in proportion to the quantity of carbon with which 
they are saturated.” The appearances of No. 2 and 
No. 3 in a state of fusion present some of the appear- 
ances of both No. 1 and No. 4.» 

The quality of the metal can also be judged of 
before it is run from the furnace by the colour and 
form of the scoriae, the colour of the crust upon the 
working bars, and the quantity of carburet attached 
to it. That cinder which indicates the presence of car- 
bonated iron in the hearth of the furnace forms itself 
into circular compact streams, which became conso- 
lidated and inserted into each other; these are in 
length from three to nine feet. “ Their colour, when 
the iron approaches the first quality, is a beautiful 
variegation of white and blue enamel, forming a wild 
profusion of the elements of every known figure ; 
the blues are lighter or darker according to the 
quantity of the metal and the action of the external 
air while cooling. 1 When the quality of the pig iron 
is sparingly carbonated, the blue colour is less vivid, 
less delicate, and *,he external surface .rougher and 
more sullied with a mixture of colour.” The cinder 
emitted from the furnace when No. 3 iron is pro- 
duced, assumes a long zigzag form. “ Its tenacity is 
so great, that if, while fluid, a small iron hook be 
inserted into it at a certain degree of heat, and then 
drawn from it with a quick but steady motion, 20 
to 80 yards of fine glass thread may be formed with 
ease. When by accident a quantity of this lava 
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runs back upon the discharging pipe, it is upon the 
return of the blast, impelled with such velocity as 
# to be Mown inft> minute delicate fibres, smaller than® 
the most ductile wire. • At .first they float upon the 
air like wool, and when at rest, very much resemble 
that substance.” 

The cinder frequently crystallizes in cooling : cel- 
lular masses form among it, which on being opened 
are sometimes found, full of perfectly crystallised 
forms. 


THE HOT BLAST. • . 

It had long been the opinion of practical men that 
the colder the blast the better was the iron produced, , 
and this opinion seemed to be confirmed by the fact 
that blast furnaces did their work better and pro- 
duced more iron in winter than in summer. Con- 
siderable surprise was tSerefore felt in the year 1828 
when the discovery was announced, that by using 
a hot instead of a cold blast, a great saving of fuel 
could be effected, and a much larger quantity of iron 
produced. This discovery was made by Mr. Neilson, 
manager of the Glasgow Gas Works, who has him- 
self related the circumstances which led to it. 

“ In 1824, an ironmaker asked Sir. Neilson if he 
thought it possible to purify the air blown into blast 
# furnaces, in a manner similar to that in which coal ^ 
gas is purified ; and from this • conversation Mr. 
Neilson perceived that he imagined the presence 
of sulphur in.the air to be the cai^e of blast furnaces 
working irregularly, and making bad iron in the sum- 
mer months. Subsequently to this conversation, 
whidh had in some measure directed his thoughts to 
the subject of blast furnaces, he received information 
that one of the Muirkirk iron furnaces, situated at a 
considerable distance from the engines, did not work 
so well as the others ; which led hifti to conjecture 
that the friction of the air, in passing along the pipe, 
v 
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prevented an equal volume of the air getting to the 
distant furnace, with that which reached to the one 
situated e^ose by the engine ; and he at once came to 
the conclusion, that by Keating the air at the distant 
furnace, he should increase its volume in the ratio 
of the known law according to which airs and gases 
expand. Thus, if 1000 cubic feet, say at 50“ Fahr., ' 
were pressed by the engine in a given time, and 
heated to 600° Fahr., it would he increased in volume 
to 21,044 ; and so on for every thousand feet that 
would be blown into the furnace* In prosecuting 
the experiments which this idea suggested, circum- 
stances however convinced him, that heating the air 
introduced for supporting combustion into air-furnaces, 
would materially increase its efficacy in this respect ; 
and with the view of putting his suspicions on this 
point to the test,, he instituted the following experi- 
ments : — to the nozzle of a pair of common smith’s 
bellows he attached a cast 'iron vessel, heated from 
beneath in the manner of a retort for generating gas ; 
and to this vessel the blow-pipe by whiqh the forge 
or furnace was blown was also attached. The air 
from the bellows having thus to pass through the 
heated vessel above mentioned, was consequently 
heated to a high temperature before it entered the 
forge fire, and the result produced in increasing the 
heat in the furnace was far beyond his expectation ; 
whilst it made ap] parent the fallacy of the generally 
received theory, that the coldness of the air of the 
atmosphere in the winter months was the cause of 
the best* iron being then produced. ,But in over- 
throwing the old theory, he had also established new 
principles and facts in the process of iron-making, 
and by the advice and assistance of his friends, he 
applied for -and obtained a patent as the reward of 
his discovery and improvement.” 

The method of heating the air jvas not made the 
subject of th© patent. The air heating vessels first 
used were in the form of a round, a square, or a 
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cylindrical box ; they were next elongated, and by a 
further improvement were divided into parts; but 
the best form, and that which is now genially used,* 
is a congeries of tubes, whereby the greatest extent 
of heating surface is obtained. The following is a 
lateral section of the last named apparatus, in which 
the air can be raised to 600°, the melting point of 
lead, at which temperature the greatest effect is pro- 
duced, and is determined by holding a piece of lead 
over an orifice in the blast pipe. 

The hot blast was soon 
adopted in Scotland, and 
more slowly in England. 

The charge made by the 
patentees for a licence to 
use the invention was one 
shilling for each ton of iron 
produced by it ; and it has 
been calculated that on*the 
expiration of the patent in 
1842 the* patentees had 
received no less a sum than 
300,000/. 

The value of the hot blast 
will be at once appreciated 
from the following facts, ,ECTI0N OF “ 0T DLAST APPABATUSl 
(1) that coal can be used in the blast furnace instead 
of or mixed with coke, (2) a much less quantity of, 
’ fuel is required, and (3) less limestone is needed as 
flux. It has been calculated that on every ton of 
iron produced by the hot blast, there is a* saving of 
1/. 12 8. 6d. ; viz, five tons of coal at 5s. 6d. per ton ; 
half a ton of limestone at 4s. per ton, and 3 s. saved 
•in wages by not coking the coal.* 

The great saving of fuel in the furnace by the use 
of the nof blast will be understood by considering 
for a moment the nature of combustion under ordi- 
nary circumstances. A combustiblb body such as 
* North British Review, Vol. IV. , 
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paper, wood, coal, and a supporter of combustion, 
such as the oxygen of the atmosphere, show no ten- 
dency to ’unite at the ordinary temperature of tin} 
air; but if either the air or the combustible body be 
raised to a high temperature, a union between the 
two takes place with a rapidity proportioned to the 
temperature and also w ith the production of heat and 
light. The ain which feeds an ordinary fire must be 
raised by the burning fuel to the combining tem- 
perature before combustion can take place, but if by 
any contrivance a high temperature be imparted to 
the air before it reaches the fire, part of the work of 
the burning fuel is already performed, and it will not 
only burn longer, but w ill give out a greater heat, 
because it has not to expend so much of its force in 
raising the air necessary to feed it to the proper 
temperature. 

In the blast furnace a great and long sustained 
heat is necessary to effect th.» reduction of the iron. 
Now it must be obvious under the cold blast method, 
that one portion of the fuel in the furnaceds employed 
in raising the air to the necessary temperature, thereby 
rendering the other portion less efficient, and tending 
to depress the temperature of the whole contents of 
the furnace. Besides this, there is another draw- 
back. When compressed air escapes from pressure, 
its temperature is many degrees below that of the 
external air. Mr. Mushet states, as the result of 
aptual experiment, that while the heat of the outer 
aar was from 60° to 70 Fahr. the temperature of the 
blast as shown by q thermometer held in it, was as low 
as 88" . It is, therefore, easy to perceive that a very 
large proportion of the fuel of the furnace must be 
expended in raising the temperature of the blast to 
the point of* combustion : but by the hot blast the 
whole of the fuel is effective in doing the proper 
work of the furnace, in maintaining a higher tem- 
perature than could otherwise be produced, and con- 
sequently economising the fuel and affording more 
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iron in less time. Mr. Musheg thinks, that previous 
tp the introduction of the hot blast, nearly one half 
the quantity of* the fuel introduced into tfie furnace* 
Vas expended in preparing, the air for combustion. 
By means of the hot blast the -air is rapidly and 
entirely decomposed, “ an intense temperature is 
excited locally, into which the fusing matters pre- 
cipitate themselves, and where separation is effected 
under a^degree of heat not formerly known to efcist 
in the blast furnace. The whole of the blast being 
decomposed between the tuyeres and the boshes, the 
upper part of the furnace becomes converted into a 
cone of cementation, wherein the important but pro- 
gressive processes of .deoxydation and carbonization 
are carried on and perfected in the absence of oxygen, 
and in a more certain state of preparation than is 
effected under the cold blast system.” 

Another advantage of the hot blast is that ores 
previously unfitted for Ahe manufacture of foundry 
won can now be smelted. Anthracite or stone coal, 
which forn^rly could not be used in the furnace, is 
now used in the raw state. The pig iron is also of 
better quality ; for with the cold blast it is necessary 
that a certain quantity of earthy matter be present 
in the furnace, to form cinder for the protection of 
the iron, and to prevent the furnace from throwing 
off black cinder, technically called scouring ; this is no 
longer necessary, because the iron hen it flows from 
a hot blast furnace has a much higher temperature 
than under the cold "blast, and it is stated that oxygen 
does not readily unite with iron at a very high tempe- 
rature. “ That such intense temperature is communi- 
cated to the pig iron made with hot blast, is sufficiently 
obvious at casting tinffe, when the highly convex 
stream of metal is 6een rolling from .the furnace, 
active with* external motion, and disparting itself in 
millions of delicate yet distinct undulations as the 
current recedes trom the furnace tet occupy andjdll 
its destined channels in the sand bed. An eye 
accustomed to view appearances of this sort will at 
[18.] c 
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once, as soon as the iron has left the furnace, per- 
ceive a glow upon its surface beyond what is com*- 
iinonly called a white heat, a liquidity, carrying with 
it a slight tinge of azure.” P 

One defect of hot blast iron is said to be a slight 
deterioration in strength, which arises probably from 
the high temperature at which it is finally separated 
from its ores, communicating, by a new and more 
perfect crystallization, a weaker arrangement of 
parts. It has also been suggested that silica may be 
reduced with the ore, and its meta^ic base, silicon, 
uniting with the iron, imparts to it a certain amount 
of brittleness. 

The increased quantity of iron produced under 
Q the hot blast, produces, of course, an increased 
quantity of vitreous matter or cinder, which no longer 
flows in streams forming columns of from three to 
nine feet in length, but in liquid torrents of from 
fifteen to twenty feet in length. At some furnaces 
where a powerful blast is used, accompanied with a 
proportionate flow of cinder, it is at once run into 
wagons made of strong sheet iron or boiler plate, and 
taken away to the cinder tip, oyer which it is dis- 
charged in polid masses, moulded to the shape of the 
wagon. By this contrivance a great saving of labour 
is effected, the clearing away of the cinder under the 
old method being the most laborious part of the at- 
tendance on a blast furnace. 

The increased heat caused by the use of the hot 
blast rendered some contrivance necessary to protect 
the nozzle of the air pipe as it entered the furnace. 
The following ingenious method was adopted. 
Within the sides of the iron tuyere through which 
the nozzle passes, is introduced a spiral pipe, in which 
a stream of water is constantly playing. The tuyere 
is thus kept comparatively cool, forming an effectual 
protection to the nozzle of the air pjpe- The first of 
the following figures shows the form of the spiral tube 
before being cast into the metal of the tuyere ; the 
Second figure is a section of the tuyere or tue-iron. 
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showing the spiral tubing enclosed in cast iron. The 
pozzle of the blast pipe is also shown introduced into 
the tuyere, th^ surrounding spac£ being^afterwarda 
* filled with fire clay. .The, third figure shows the 
i. 2. a 
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tuyere ready for putting into the furnace. “ With- 
out the cooling effec# of water circulating with 
rapidity on the confines of the fire, and frequently 
penetrating to some distance within it, there is no 
substance with which we are*acquainted that could 
for any length of time have resisted the action of so 
intensely heated a body of fire.” 

The following section shows the arrangement of the 
lower part of the furnace, with two of the tuyeres, 
water apparatus, &c. 



SECTION OF LOWER FART OF FURNACE. 

c 2 
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REFINING. 

9 

• All th^ varieties of pig iron contain varying pro-,, 
portions of carbon and oxygen, which render them 
brittle under the hammer, and therefore quite unfit 
for the numerous purposes of the forge. In order to 
render pig iron malleable it is necessary to get rid of 
sonae of the carbon and oxygen, and the greater the 
extent to which this is done, ®the purer and more 
malleable becomes the metal. For this purpose 
various interesting processes are adopted, and the 
first to which .we shall direct attention is called 
refining. 

Pig iron is refined in small r low furnaces called 
fineries. The bottom of the hearth of a finely is 
about three feet square, and is made of fire-brick ; the 
front, back, and sides, are of cast iron, and made 
hollow, so as to allow water to stream through them, 
to prevent the intense heat cffi the fire from burning 
them away. Near the top of the hearth are three 
holes for the blast pipes. In what are called single 
fires the blast is applied on one side only ; in double 
fires on both sides, the latter being of much larger 
capacity than the former. The tuyeres are protected 
in a similar manner to those in the blast furnace. 
The finery has iron doors at the back, but the front 
is open, and pours forth such torrents of heat that it 
is impossible for any but those accustomed to it to 
approach very near. A low chimney surmounts the 
furnace, which altogether does not exceed about 
twenty feet in height. In front of the fire is a shed 
for the protection of the workman. The refiner 
selects his materials according to the quality of the 
iron required, the best quality being made fromf the # 
dark grey pig. No. 3, and inferior sorts from bright, 
mottled, and white. The proper weight ‘of pigs is 
put into the refinery by opening the iron doors at the 
back, and the ftre is kept well supplied with coke, 
and frequently stirred up to equalize the heat in all 
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parts of the hearth ; under the influence of the power- 
ful blast (the gf essure of which i$ about the same as 
at the Blast furnace) the pigs are soon meMed and th^ 
operation of refining gfces on. A portion of the car- 
bon of the pig unites with an equivalent portion of 
the oxygen of the blast, and is driven off in the form 
of carbonic acid. In about two hours the metal is in 
a proper state to run out. A hole ^it the bottom of 
the heflft-th in front is*tapped, and the metal flows out 
along a short channel into an oblong flat mould of 
stout cast iron, About twenty feet long by two feet 
broad, placed over an iron cistern, .through which 
water flows, which serves to cool the fluid metal, and 
to prevent the mould from cracking. A quantity of 
cinder which flows out with the metal rises to the* 
surface, and is run off through a hole made in the 
sand which forms one of the short sides of the mould. 
As soon as the metal is set, this sand is removed, and 
the plate is turned outi>f the mould into a trough erf 
water, which quenches it, and makes it very hard, 
brittle and sonorous. Its fracture presents a bluish 
or a silvery white colour according to its hardness. 

The finery furnace is worked day and night, (Sun- 
days excepted,) with a double set of. men. The 
mould of metal, weighing about a ton, is run out 
every two hours ; so that the quantity of refined iron 
produced from a double furnace in one week will be 
about sixty or seventy tons. The pig iron suffers a 
loss of about ten par cent, in refining, but this varies 
considerably according to circumstances. 


PEDDLING. 

The process of refining docs not separate carbon 
from theiig iron sufficiently for the purposes of the 
forge. The plate of iron from the finery mould is 
therefore broken up, and weighed otrt into portions of 
about four hundred weight each, called heats of metal, 
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and consigned to the ♦.puddling' furnace, where the 
metal is still further decarbonized. • 

The puddling furnace consists of a fire, the flame > 
of which, by a peculiar construction of the brick work* 
is reverberated or reflected down upon the iron 
situated in the space between the fire and the chim- 
ney, as shown in the following section. The bottom 
of the furnace fe formed of a thick cast iron plate, 
protected by a coating of the oxide or cinder formed 
in puddling. The chimney is about thirty feet high, 
and has a damper at the top, by which the draft is 



SECTION OF PUDDLING FURNACE. 

regulated. This can be made so strong as to carry 
the flame out at the top of the stack in contact with 
the damper. The iron is put in and taken out of the 
furnace by a large square opening, which, except on 
such occasions, is kept covered with an iron door, 
made to slide up and down by means of a lever and 
chain. At the bottom of this door is a small hole, 
through which the Ruddier introduces his tools, and 
inspects his work. The fire is fed by a small hole at 
the side called the stoke-hole^ which is usually kept 
Btopped with a piece of coal. 

The metal is put into the furnace with an instru- 
ment shaped somewhat like a baker’s wooden shovel, 
the door is then carefully closed, and all allowed to 
remain quiet for about half an hour, when it begins 
to melt. The puddler then introduces a bar, turned 


THE MANUFACTURE OF IRON. 


55 


at the end like a hoe, and arranges the pieces of melt- 
ing metal in such a manner that all may be equally 
^exposed to the action of the flame, *and melt as nearly* 
as possible at the same •time.# If this is not done, the 
portions which melt first burn away and are lost. 
When the whole is melted, he stirs it up in all direc- 
tions, so as to expose every part in its turn to the 
action of the flame, and occasionally throws small 
scoopfute of water upon it. The tool, of course, ebon 
becomes red hot, and must be changed for a cold one, 



the hot one J>eing thrown into a # trough of water as 
soon as it is withdrawn. The liquid metal heaves and 
boils and is covered with bubbles, which, as they 
•burst, give out little* jets of white or blue flame. 
After a time this boiling ceases ; the mass gradually 
becomes thicker, and as it is turned over it presents a 
curdy appearance, the small points and corners glow- 
ing witn a white heat, while the cna’ss itself looks 
cooler. In this state the workman says it is “coining 
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round to nature.” He continues to stir it vigorously 
until it becomes tenacious enough tp stick together 
•and form '’into Jumps. He then divides it Onto four * 
or five separate portions} made as round and compact 
as possible ; this is called “ balling up,” and the balls 
are called “ puddler’s balls this finishes the ope- 
ration of puddling* A puddler works about six or 
seven heats in the course of twelve hours. 


SHINGLING. v 

The balls formed by the puddler are taken out one 
by one by means of a pair of tongs, as shown in the 
cut at page 55, the puddler’s assistant holding up the 
door of the furnace, and letting it drop as soon as 
a ball is taken out, in order to economise the heat of 
the furnace. It is dragged along the floor by means 
of the tongs to the shinglyig hammer, where it 
receives a few blows, the effect of which is to make 
the ball more solid, and to reduce it to^an oblong 
shape, better fitted foi: the next operation of rolling. 
It also forces out a portion of the liquid cinder which 
is separated from the pure iron in puddling. 

The shingling hammer weighs about four tons, 
and consists of a ponderous cast iron shaft or helve , 



BUrKGLJNG HAttHEH. 


through the head of which the hanyner is inserted. 
The hammer' is Jifted by means of a cam, revolving 
'under the tennant or nose of the helve, consisting of 
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three or four chilled iron layers turning upon an 
axis, so that as they act in succession upon a pro- 
# jection^under tfie helve, the hammer is made to rise* 
and fall as required. • • 

As soon as the ball of iron is under the hammer, the 
shingler throws aside the tongs, and receives from 
his assistant an iron bar which has been heating for 
the purpose in the stoke-hole of the puddling furnace, 
and placing one end of this upon the moom # the 
hammer forces it into the semi-fluid mass, and with 
this the bloom can be turned over and over so as to 
receive the strokes of the hammer to advantage. 
From ten to twenty blows are generally sufficient 
to produce the effect required. The bloom hisses, 
bubbles, and flames under the operation, and sparky 
fly off and streams of cinder gush out with con- 
siderable force in all directions, making it necessary 
for the shingler to wear very thick leather leggings 
and apron. If the pu#dling has been properly done, 
the bloom is brought to a firm and tenacious mass ; 
but if the puddling has been neglected, some portions 
of the bloom will be harder Chan the rest, and will 
not adhere well tpgether. Such a bloom is termed 
a shadrach , and is returned to the puddler, who is 
fined for his neglect. 


ROLLING. ’ 

• 

The bloom being properly shingled is handed over 
while still at a bright red heat to the Roller, who 
passes it qutckly through the ptlfldle-rolfa , using first 
t^e largest hole and then the smaller ones in suc- 
* cession. A lad on the opposite side, called the catcher , 
receives the bloom with a pair of tongs every time it 
goes through the holes, and passes it over the rolls 
to the roller.* When it has gone through all the 
boles of the first pair of rolls it i^ passed thrqugh 

* See Frontispiece. * 

c 3 
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the different grooves of the second pair, where it is 
reduced to a more accurate form and to the dimen-* 
dons required. In passing between the rolls a 
further portion of cinder is driven off, the greater 
part of which falls into a hollow space beneath. 



PUDDLE BALL ROL«3. 


The puddler is paid according to the weight of rough 
bars produced; the yield of each puddling furnace 
is therefore arranged in a separate division, as shown 
in the cut at page 55. 22 opt. is about the quan- 

tity of metal required to make a ton of rough bars. 

The shingling hammer, the rolls, and .other ma- 
chinery of the forge, are of very massive construction. 
A firm foundation is formed by heavy cast-iron plates 
imbedded in masonry underground, where also the 
uprights or sides of the rolls are securely fixed, and 
a number of wheels and shafts arranged for giving 
the required speed to the different sets of rolls. 
Hence the weight of machinery underground is 
almost equal to th^t above, and renders it difficult 
to trace the connexion of the different parts of the 
machinery with the steam engine. 

The rolls are made of bright iron of c the hardest 
quality, and are cast solid. They are then turned to 
the required shape with steel tools, the motion being 
very slow to diminish the heat excited by the friction, 
or they’ would otherwise soon lose their .edge. In 
mounting the rolls in the forge brass bearings are 
provided, as cilsp for the axles of wheels and the 
w ^nds of shafts, the friction between two different 
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metals being much less than between two pieces 
of the same jpaetal. The points of friction are 
also kdj)t well oiled, and perfectly cool by streams of 
water. • • 

After the iron has passed through the first two 
sets of rolls the operations at the forge are completed. 
It has been brought to the state of rough bar, very 
different from the pig iron used to produce it. This 
was vary hard, very* brittle, and readily fusible ; it 
is now a long slender bar of soft, tough, malleable 
iron, fusing w+th difficulty; and this remarkable 
change is supposed to be produced merely by the 
separation of a little oxygen and carb6n from the 
pig iron. The subject is by no means well under- 
stood, and it is to be hoped that advancing chemicab 
knowledge will throw light upon this as well as many 
other interesting processes in the manufacture of 
iron, the theory of which is still obscure. 

The bar iron is yet fit for the market; its 
surface is scaly and uneven ; its edges are rough and 
imperfect,* and it is too unsound in texture for the 
use of the smith : the bars ’“are therefore further 
purified at the mill, for which purpose they are cut 
into lengths by a strong pair of shears.. The rough 



bars are generally two, three, or foui* irifches in width, ( 
and half an inch or rather more in thickness, and the ' 
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lengths into which they are cut are of course adapted 
to the size of the, finished bar. Equal lengths are? 
Shade up into piles, each consisting of several pieces 
placed evenly one upon* another. These piles are 
then placed in a balling or heating furnace, which is 
a reverberatory furnace, similar in construction and 
shape to the puddling furnace ; but instead of having 
a coating of oxide of iron or of cinder at the bottom, 
it is kept covered with loose sand. « 

It is of importance that the piles be formed evenly, 
and with no projecting or ragged- edges, because 
when placed in the furnace these become heated 
first, and bfegin to burn away before the rest of 
the pile is hot enough for roiling. Considerable 
*care and experience are required to decide when the 
piles have attained the proper welding heat, and also 
to prevent those from burning which are ready to be 
taken out ; but if the roller is not quite ready for 
them, a handful of sand thrown over the pile is the 
usual expedient to prevent burning. For small bars 
as many as twelve or sixteen piles are put into the 
furnace; for large on£s not more than four or five 
are put in. The cinder separates itself from the 
iron while in. the balling furnace ; first appearing as 
a sort of glaze over the pile, and then flowing away 
down the bottom of the furnace, which is made with 
a slope for the puiyose of carrying off' the cinder. 

Each pile, as soon as it is taken out of the furnace, 
is passed between rollers, which are of great variety, 
according to the kind of bar required, such as round, 
square, or flat ; and Jhere are also three sjzes of each ; 



FINISHING, OR BAR ROLLS- 
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the largest being about *14 to. 16 inches in diameter; 
•.the middle 10, and the small rolls 7. The large rolls 
move rft the rafe of about 70 revolutions in a minute f 
the middle sized rolls 440, and the small ones 230 or • 
240. Roughing rolls are first used to bring the bar 
nearly to the shape required; it is then passed 
through the finishing rolls , which complete the work. 
In passing through the several grooves of each roll 
the pile gradually diminishes in size, and the pieces 
composing it become firmly welded together, and at 
the same time elongated into a bar, any remaining 
portion of cinder being also squeezed out. The 
roller and liis assistant do their work fts quickly as 
possible, that the bar may not be too cool to pass 
through the grooves, for if such be the case it must^ 
be heated again before it can be finished. 

The separate pieces which compose the pile produce 
a fibre in the bar, which adds greatly to its strength 
and toughness. In gbod iron this fibre is always 
perceptible, however perfect the weld. In rolling 
flat bars the layers of the pile are kept horizontal, in 
order that the fibres may be as straight and parallel as 
possible. The experienced blacksmith in working 
up his bars always attends to the direction of the 
fibre, because by doing so he can make the most 
of his iron, and increase the strength and toughness 
of the articles produced. 

In rolling iron there are always certain little 
irregularities in thp work produced, which have been 
noticed by a practical writer in the following terms : — 

“ However^ true the rolls may jje formed there will 
always be a little space between them, which will 
prevent the angles of the square bar formed at their 
• junction, from being st> perfect as those formed in the 
moulding of the roll itself. Whfen the bar, therefore, 
has been reduced to the required size, it is again put 
through the saipe groove, turning it so that the angles 
shall be changed, those formed beforfi at the ittdes 
being now at the top and bottom, by which means * 
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they are sharpened and (Corrected. Round iron also, 
being formed between the two semicircular grooves 
•of the two* rolls, is liable to the same ixnpeifection 
unless it is passed several times through the last 
hole; and even this repetition does not succeed, 
unless the bar, during its progress, be held in its 
position by the roller; otherwise it will twist round 
and adapt itself to the same situation in the rolls that 
it before occupied, the streak, or finn as it i» called, 
still remaining.” 

Small iron is not manufactured in the same way 
as the large ; instead of piles, billets or single pieces 
of bars are used, cut into lengths adapted to the size 
of the finished bar. Small iron«requires to be rolled 
*at a greater speed than large sizes, as it becomes cold 
so much sooner. Very small sizes are rolled in long 
lengths, often as much as forty feet, and are after- 
wards cut into two or three lengths for the market. 
The bars thus rolled have a better appearance than 
short lengths, and are no more trouble to the roller, 
who can roll a long piece with as much facility as a 
short one. It is of i importance that small iron should 
be smooth in appearance and accurate in size ; and to 
ensure these; desirable qualities, the small rolls are 
casehardened in the casting. This is done by 
running them into a thick solid iron mould, the effect 
of which is to cool the iron suddenly on the outside, 
thereby giving it* the hardness and appearance of 
white iron on the surface, the inside remaining dark 
grey or bright. 

When the rolling js complete, the bars jtre straight- 
ened, which is done by boys on a long bench of cast 
iron ; they are then stamped with some letter or 
mark to distinguish the wbrks where they 4 are 
made ; the ends are next cut off with powerful shears, 
and they are then ready for the market. Small iron 
is put up in bundles, each containing a hundred 
weight or onty half that quantity. 

In most of the large iron works iron is sent out in 
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other forms than those of bar& The vast extension 
Of our railroad system, the use of iion ships and steam 
‘boats, and other causes, have increased tnfe consump-* 
tion of iron to an enorihous Extent, so that the manu- 
facture of boiler plates, iron rails, tires for wheels, 
&c, now forms an important addition to the labours 
of the forge. There is also a constant demand for 
sheet iron of all sorts, hoop iron, 'spade iron,. slit 
nail rods, &c, as wilf be further noticed in the next 
treatise. 

Boiler platen *and sheet iron are rolled between 
perfectly plain rolls, as shown in the frontispiece. 
This is laborious work for the rollers, especially as the 
plates often weigh several hundred weight each,* and 
the very large extent of heated surface causes the* 
men to be constantly bathed in perspiration. " The 
iron for them is prepared by making a pile of rough 
bars, which is heated ima puddling or balling furnace, 
and brought under tne forge hammer, where, by 
repeated blows, it is beaten into a solid slab of about 
two or three inches thick an^ nearly square, long 
and broad according to the weight and shape of the 
boiler plate for which it is destined. It then requires 
to be again heated, as it has become too cold under 
the hammer to be rolled at the same heat : when 
heated again it is rolled to the proper thickness, the 
rolls being brought nearer to each other by screws 
every time it passes between them. It is also 
brought to the required shape by passing it through 
the rolls in different directions, sometimes lengthwise, 
and sometimes with the side or tine corner foremost. 
A skilful roller will in this way bring it very nearly 
^to jvhatever dimensions are wanted, so that the 
ragged and uneven edges which ^re afterwards to be 
cut off sh%ll amount to as trifling a suiii as possible.” 

* Some, works can produce boiler plates up to ten or twelve 
hundred weight in one plate.^ 
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VARIETIES OP MANUFACTURED IRON. 

Th^re are various qualities of bar iron as of every 
other manufactured article. There are three quali- 
ties known in the market by the names common iron , 
best iron , and best best or chain cable iron ; ths mate- 
rials for the superior sorts being selected with greater 
care, and special attention being paid to the puddling. 
In making the best iron, scrap iron , or the short im- 
perfect pieces cut off the ends of the finished bars, is 
used in the balling furnace. .The manufacture of' 
9 cable bolts will be noticed in the next treatise. 

Two common defects of bar iron have given rise to 
the well known names of red short and cold short . 
Red short iron is that which cracks when bent or 
punched at a red heat, although it may be very 
strong when cold. Cold short iron, on the contrary, 
is weak and brittle when cold, but can 4>e worked 
without difficulty when hot. “ The method of trying 
the quality of iron is to nick a bar at one side with a 
chisel, and then to break it, or double it down, as the 
case may be, at the notch. If the iron is cold short, 
it will break off at once with a blow of the sledge 
hammer.” The cause of iron being red short appears 
to be overheating in the balling furnace. “ If upon 
trial the bar should be of good , quality, instead of 
breaking short off it will bend double, and those 
portions of it to the^ depth of the notch on both sides 
will separate a little from the body of the bar, and 
split up, just as a piece of fresh ash stick would do, 
and will exhibit a clear, distinct, silky fibre. If this 
appearance is shown on the trial of the bar cold, and 
if it is then taken to the smith’s shop and bbnt double 
at a cherry-red heat, first in the direction of the pile, 
and, then at light angles to it, without being at all 
cracked on the outer side of the bend, it may safely 
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be pronounced to be of excellent quality, neither red 
short nor cold short.” A cold # short iron is generally . 
produce^ from a lean ore, in which case i£ has been 9 
% found desirable to mix with-it the rich red hepatic 
ore of Lancashire and fcumb'erland, which if smelted 
by itself would produce a very red short iron. In 
this way two opposite defects are made to correct 
each other, and iron of average strength is produced. 
This richer ore does pot lequire roasting, but is put ’ 
into the furnace in the state in which it is brought 
from the mine. 9 

Another variety of manufactured iron is charcoal 
iron , so called on account of charcoal being used 
in the refining. When the bloom is removed from 
the charcoal fire, it is* placed under a heavy hammer 
and beaten out flat, in which state it is called stamped 
iron . It is then broken up into small pieces, piled, 
heated, and again hammered out into a regularly 
shaped slab of about a hundred pounds weight. This 
sort of iron is peculiarly tough and strong, and is 
much used # for drawing into the best descriptions of 
wire, such as * those used for carding ;* it is also in 
great request for rolling into thin sheets for the use 
of the tin-plate manufacturers. 


STATISTICS OF THE IRON MANUFACTURE. 

Our means for ascertaining the quantity of iron pro- 
duced in Great Britain are not very precise. The 
following estimates, however, ure very* near the 
truth, and show in a striking manner the rapid 
jjro\^th and importance of this source of national 
wealth. \ 

In 174Q the quantity of iron manufactured in 
England and Wales was estimated at 17,350 tons, 
the produce of 59 furnaces in which charcoal was 

* See the Treatise on the Manufacture of Cotton Yam, Part II. 
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used. Between that period and 1788 the use of coke 
in the blast furnace gradually came into use, and in 
the latter year there were in Great Britain 85 fur- 
naces, producing annually 68,300 tons of iron. In" 
1798 the number of furnaces was 121, and the quan- 
tity of iron produced 124,879 tons. The following 
table, drawn up by Mr. Porter from the evidence of 
Sir John Guest, before a committee of the House 
of ^Commons m 1840, will show the increase in 
the iron trade from the beginning of the present 
century. 


Y ears 

British Iron 
made. 

Foreign Iron 
used. 

British Ijon 
Exported. 

Hardwares 

Exported. 

Remained for 
Home use. 

1806 

! 258,000 

27,411 

36,925 

4,629 

243,857 

1823 

j 452,000 

9,667 

40,113 

10,375 

404,879 

1825 

! 581,000 

14,977 

34,372 

10,980 

550,625 

1828 ! 

703,000 

13,984 

65,139 

12,100 

639,745 

1835 

1,000,000 

17,571 

19ft, 007 

20,197 

798,367 

1836 l 

1,200,000 

18,920 

192,352 

21,072 

1,005,496 

1840 1 

1,500,000 

13,263 

268,328 

14,995 

1,229,940 

1811 : 

1,500,000 

17,653 

360,875 

17,667> 

1,139,111 

1842 1,200,000 

14,711 

369,398 

15,212 

830,131 

1843 1,200,000 

12,069 

448,925 

17,183 

745,961 

1844 j 

1,400,000 

21,599 

458,745 

22,552 

940,302 


“ This rapid and great increase shown in the lasr, 
few years, has been in some part caused by the 
economy introduced through the use of the hot blast 
in smelting, a process which has materially lowered 
the cost of iron, and therefore has led to its employ- 
ment for many purposes in which its" use was pre- 
viously unknown.”* 

The effect of the increased economy in the» pro- 
duction upon the price of bar iron will appear ixom 
the following table, quoted from the selling prices of 
English merchant bar iron in Liverpool. 


Porter’s Progress of the Nation, 1847. 
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1806 

£ s. 
17 10. 

d. 

0 

per ton. 

1841 

# 7 

15 

d. 

0 per ton 

1810* 

14 1(? 

0 

— 

1842 

* 6 

0 

9 — 

1815 

13 5 

0 

— 

1843 

5 

0 

0 — 

1820 

11 0 

0 

• 

1844 

5 

10 

0 — 

1825 

14 0 

0 

— 

1845 

8 

5 

0 — 

1830 

6 0 

0 

— 

1846 

10 

10 

0 T 

1835 

7 10 

0 

— 

1847 

10 

10 

0 — 

1840 

8 10 

0 

— 






The Attribution of* the iron trade of Great Britain, 
and the quantity of coals used in the manufacture, 
about the year i840, will appear from the following 
table published in October of that year by Mr. 
Jessop, of the Butterley Iron AVorks in "Derby shire. 



Tons of Iron 

Tons of Coal 


made. 

used 

Forest of Dean . . 

.... 15,500 

60,000 

South Wales . . . 

.... 605,000 

1,43(5,000 

North Wales . . . 

. . 26,500 

110,000 

Northumberland 

. *. . . 11,000 

38,500 

Yorkshire .... 

.... 56,000 

306,500 

Dcrbyshy-e . . . 

.... 31,000 

129,000 

North Staffordshire 

.... 20,500 

83,000 

South Staffordshire . 

.... 41)7,150 

1,582,000 

Shropshire . . . t . 

.... 82,750 

409.000 

723.000 

Scotland .... 

.... 241,000 


1,396,400 

4,877,000 

Coals used in converting the pig-iron into £ 
wrought iron * J 

2,000,000 


Total 

6,877,000 


In the year 1845, the quantity of British iron 
exported was as follows : — • 


, • Ton*. 

Pig iron \ . . . . 77,362 

Bar iron t . 153,813 

Bolt and*rod iron 10,210 

Cast iron 22,036 

Iron wire . . ? 1,949. 

Anchors, grapnels, &c • .* . 2,975* 

Hoops 11,739 
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• Tom. 

Nails \ 6,403 

All other sorts of wrought iron, except Ordnance 56,165 

Old iron for re-manufacture c . . C,251 

Un wrought steel 7,015 

Of British hardware, there were 20,754 tons of 
the declared value of 2,183,000/. ; and of machinery 
the declared value of 904,961/. exported. 
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IE USEFUL ARTS 


MANUFACTURES OF GREAT BRITAIN. 


THE MANUFACTURE OF POTTERY, PORCELAIN, 
AND ENCAUSTIC TILES. 


HISTORICAL NOTICES OF EARTHENWARE. 

ef Two substances qnly, rich in instruction for 
the history of society, and of the globe itself, have 
been able t s> traverse accumulated ages, and bring to 
us the first glimpses of ancient times and people : 
these substances are, first, baked earth fashioned into 
vases and utensils of various sorts; and, secondly, 
the solid parts of animals and vegetables reduced to a 
fossil state.” 

Great historical importance is given to pottery (or* 
the art of making earthen vessels) in the above re- 
mark, made by the late eminent director of the 
porcelain manufactory at Sevres ;* nor does it appear 
that he has exalted it too highly when we consider 
the Inefficiency of most substances as records of the 
past. Metals are difficult to extract from the earth, 
the cbmmon kinds being likewisesubject to corrosion, 
and the precious metals extremely rare: the most 
Wasting kinds of stone are also difficult to work, 
and have been ^necessarily of limited use: wood, 
which can be c worked with ease, is*ndt sufficjeisstly 
durable to be of historical importance; — but day, 
which lies #Jmost at the surface of the 
* Alexandre Brongniart. 

[ 19 ] A 2 
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# within reach of every one, and which tfye most 
f ignorant may fashion into vessels, and by the simplest - 
means render durable ; this substance is indeed histo- 
rically valuable* and may well be saidv*to have 
rendeited the same kind of service in reading the 
history of remote ages, that printing has done for the 
more enlightened. , # 

The antiquity of the art is established by numerous 
and authentic memorials, so that it ranks next to the 
arts 6f making defensive weapons, and of fabricating 
from the skins of animals, or from vegetable fibre, a 
coarse kind of clothing. The word pottery is derived 
from the Latin word for a drinking vessel, and the 
' earliest destination of earthen vessels was doubtless 
for the common purposes of domestic use. But there 
was a higher purpose to which they were likewise 
cjevoted, and which has been the means of preserving 
to us many interesting relics ‘of the past: we allude 
to the religious use of earthen vessels, of various 
kinds, and the custom of placing them in tombs and 
barrows along "with the remains of the deceased. 

Funeral vases in great variety, from rude and 
simple forms to those that are graceful and elaborate, 
have been found in the tombs of most ancient nations. 
An incalculable number have been met with in the 
burying-places of the ancient Britons, Scandinavians, 
Germans, French^ Celts, Etruscans, Greeks, and 
Romans; and this practice has been also traced in 
America* among the ancient Peruvians, Chilians, and 
Mexicans. Earthen vessels in such situations remain 
almost unalterable, while weapons and even medals 
are corroded, and in the course of long ages 1 ara 
either rendered shapeless or destroyed. The follow- 
ing woodcut represents the interior of ene of the^ 
tumuli so common in the north of Germany, and the 
sor^of vessefe that are found therein. • These latter 
we*e doubtless, the depositories of the ashes of the 
dead, as no skeleton or bones were ft^nd in the 
tomb. In many cases, however, the skeletons still 




ARRANGEMENT OF VESSELS IN A lOMJi NEARCASTEL, IN THE DUCHY OF NASSAU. 

inent of vasfcs in those tombs wheire the body* has 
been burnt, and the ashes are deposited in a central 
urn, surrojfided by smaller vessels. The urns repre- 
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J J ^ 

Rented were founa near Schierstein, in Nassau, the 
# four smaller ones were inclined towards the large # 
'central urn which contained the ashes. The remain- 
ing vessels were some o^ glass, others of pottery, and 
had contained different liquids, such as wVhe, milk, 
balm, bil, &c. 

This is not the place to consider the meaning and 
probable origin of this wide-spread custom, respect- 
ing which much difference of opinion exists among 
archaeologists ; but it is not a little remarkable that 
among so many distant nations, having different 
languages, Jiabits, and superstitions, the practice 
should have been so much aljke in all, and that 
pottery should everywhere have been considered a 
necessary part of the furniture of tombs. This 
circumstance, among others, speaks plainly of the 
common origin of mankind, and of certain religious 
yiews, however dim and degenerate, which continued 
for ages to pervade the scattered family. 

But while there is this general agreement in the 
nature and uses of ancient pottery, there arc also 
distinctive marks peculiar to each country, and these 
marks are generally constant. The nature of the 
material, the general mode of fashioning it, the forms 
and ornaments, change not, as in the capricious 
manner of modern times, so as to destroy the nation- 
ality of the work ; therefore these potteries become 
exceedingly valuable, in cases where they are very 
simple, as well as in those, such as the Grecian vases, 
where they largely reveal the history of the religion, 
wars, government, and civil and domestic habits of 
the people. 

The potter’s art is* referred' to in the Holy Scrip - 5 
tures in illustration' of the weakness and fragility of 
man, and the omnipotence of God. The prophet*- 
Jeremiah was commanded to go down to the house 
of the pottei 4 , aad “ behold, he wrought a work on 
' the wheels. And the vessel that he made of clay 
was marred in the hand of the potter : s&Jie made it 
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ag&in another vessel, as seeme*d ^bod to the potter td^ 
make ifr” Th^word of the Loitl then game to the* 
prophet, saying, c: O hquse of Israel, cannot I do with 
you as tins potter ? saitli the Lord. Behold, as the 
clay is iirthe potter’s hand, so are ye in mine hand, O 
house of Israel.”* This lesson was repeated in % a very 
significant manner before the. ancients of the people 
and of the priests, when the prophet by the command 
of God took a “ potter’s earthen hottle,” and brake 
it in their sight* saying, “ Thus saith the Lord of 
Hosts, Even 60 will I break this people, and this 
city, as one brcaketh a potter’s vessel, that cannot be 
made whole again. ”f # 

The art of pottery can be traced in Egypt to a 
period extremely remote, for it is stated that all the* 
processes of mixing the clay, and of turning, baking, 
and polishing the vases, are represented on the tombs 
of Thebes. The clay # was kneaded with the fee*, 
then formed into a mass of convenient size with the 
hand and placed on the wheel, which seems to have 
been of very simple construction, and turned with 
the hand. The various forms of the vases were made 
out with the finger during their revolution ; the han- 
dles, if they had any, were afterwards affixed to 
them; and the devices and other ornamental parts 
were traced with a wooden or metal instrument,- pre- 
viously to their being baked. The*y were then placed 
on planks of wood to dry, aifd were afterwards 
arranged with great care in trays/ and carried, by 
means of thp usual yoke, borne pn men’s shoulders, to 
the oven. The potter's wheel was known at the 
earliest epoch of Egyptian history, of which the 
sculptures have been preserved, previous to the arrival 
of Joseph, and long before the foundation of Athens, 
which is Sometimes said to have been the place where 
the potter’s wheel was invented. 

Instead of attempting a general tlescriptian o£ 
ancient pottery, which would far exceed our limits, 
•fir?. xviii. 3 — 6. f Jer. xix. 10, 11. 
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it must suffice to present a few specimens of these 
interesting telics, they have been brought f to light 
*in various fcouritries. 

To begin with our oWn country and capital. A 
great number of antiquities have been dug fyp on the 
shores* of the Thames, near new London Bridge, 
among which specimens of pottery and of tiles are 
numerous, the greater part Jbeing apparently of 
Roman workmanship, of which we have sefected a 
beautiful fusiform Amphora as an example. Some 



Koham amphora. 

DUO UP DXAR LOR DOR BRIDGE. 


urns in black clay, and many other objects in earthen- 
ware, glass, and bronze, are not so evidently of 
Roman origin. Funeral urns and other relics have 
been found in the county of Gloucester, of which the 
above was discovered near Cirencester, being half- 
filled with burnt bones. Some interesting decorated • 
urns were found at Oolney in Norfolk. They were 
made of a coarse kind of clay, blackish in the middle ** J 
of its thickness, but reddish brown on the butside, 
which is polishedt* They contained bones, ashes, and 
charooal. Near Norwich was also found an ancient 
urn, with a remarkable ornament in relief. Like- 
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wise a thick black vase with siven knobs upon the 
neck, £nd sewn* upon the body. It has not been 
turned. On the downs of^Wiltshire there are very # 






COLNEY IN NORPULK. 


ANCIENT URN, 
FOUND NEAR NORWICH. 


many of those repositories of the ancient dead, whjph 
contain pottery. The urns are in some cases perfectly 
plain, in pthers they appear to have been ornamented 
by the pressure of the thumb, or the markings of the 
finger-nail, or more highly finished by means of 
some tool. From among the numerous specimens 


ll 

III. TP 




IltjACK VASE# SEPULCHRAL URN, 

found near Norwich. founj^ne^r wilsfoud, wilts. 

thus collected in Wilts, we select a beautiful, tltough 
irregularlw formed, sepulchral urn, found in one of the 
* A 3 
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harrows of the WileJ&rd group. This urn was placed 
fa a circular ‘cist, apd contained a -deposit of burnt 
hones. Close to this urn was another oval cist con- 


taining ashes, together With a spear-head of brass, 
which appears to have been almost melted in^j> a rude 
lump, Vv the heat of the funeral pile. This barrow 
appeared to be a family sepulchre, as ffiere were 
signs, of three interments within a very short distance 
of each other. An interesting collection of urns, 
variously ornamented, has been found in the Dcveril 
barrow, in Dorsetshire. Many were 'in a dilapidated 
state, and required great care in the removal. Their 
discoverer (W. A. Miles, Esq.) found that the best 
method of doing this was to irfake fires near them, 
and evaporate the moisture from the clay, which in 
the more ancient examples is of a porous nature. This 
process of evaporation was sometimes kept up until 
after night-fall, and Mr. Miles describes the scene on 
tlie downs as highly picturesque, while fagots were 
blazing, and revealing by their flickering light the 
anxious and half-terrified looks of the labourers, 
" poring over these sepulchral urns, and viewing with 
wonder and awe the ashes of the dead contained 


therein. The county of Kent has also produced its 
relics. Near Southfleet some large urns were found, 
containing burnt bones and broken pieces of glass. 
Near the Margate sands, at the mouth of the Thames, 
a great number of antique earthen vessels and frag- 
ments have been brought up in fishermen’s nets, 
several of which are inscribed with the maker’s name, 
Attilianm , which sufficiently proves their Roman origin. 

' Further researches have brought to light the fact that 
about two hundred years before the conquest of Britain t 
by Julius Caesar, there existed upon an island at the 
mouth of the Thames a manufactory of pottery, pos- 
sessed by 'Attilianus. The Margate sands are^ll that 
remains of this^sland, and the particular part known as 
budding-pan sand (on account of these fragments) 
w^s doubtless the site of the factory. 
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• Germany is very rich in aftcieiit urns and potteries. 
The flowing elegant urn, nuich decorated wifh 
designs in grey clay, was found in a larjfe tomb, ne& 
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t T RN FOUND IN A TOMB NEA£ HALLE. GERMAN VASE, PLACE UNKNOWN 

Halle. The vase with two small handles on the 
neck is also German, although the exact place m 
which it was found is now unknown. 

The small urn was found with about 
150 others in a tumulus on the right 
shore of the Elbe, near the mouth 
of the Black Elster, in the ancient 
place of sacrifice. 

T ■ j. O TTl .1 FROM A TUMULUS 

In various parts of Jr ranee there ON the bh ore of the 
have been rich discoveries of ancient • 1!IjBE 
pottery, especially on a hill between St. Dizier 
and Joinville, in Champagne, where the ruins of 
a Roman town were brought, to light in 1772. 
Here were found two potter’s kilns and a number 
of culinary articles : some unglazed, others covered 
with bright red glaze, and elegantly ornamented 
in relief. *A11 these vessels ®are marked with the 
potters’ names. Not far from Dieppe, a numbei? 
of* potteries, in fineb ash-grey clay, have been met 
with, and among them the ijrn here represented, 
which i$ very remarkable for five depressions in its 
sides, which seem tohave beenmadefortheabcommoda- 
tion of five* little urns, which were placed close around 
the principal one. An elegant vessel, in coarsft clay, 
of the sanje colour, was found at the same place, ^nd 
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f 

is°considered to be Galio-Roman, of the age of the 
Antoninee. y , 



URN POUND NEAR DIEPPE. l’ASE POUND NEAR DIEPPE. 

Roman Pottery was fashioned with great care, and 
Wy means of processes which are still in use- The 
lathe-wheel was constantly employed for round 
articles, and the ornamental part was done by means 
of, moulds, or of roulettes bearing the ornaments 
which were to form circular zones upon the circum- 
ference of vases or cups, or by stamps or seals, which 
were chiefly used for figures or flowers, to be placed 
in the centre of other ornaments. The names of the 


workers, so frequently found at the foot of Roman 
vessels, were a^so produced by a sort of stamp, made 



ROMAN VASE, FOUND AT 
XAHLBACH. 


sometimes of hard-baked clay, 
sometimes of metal. There was 
a fourth method of applying 
ornaments to these potteries, 
which is remarkable, and seems 
to be distinctive of Roman 
workmanship. Tfiis was to 
charge a pipette or a spoon- 
shaped spatula with a portion 
f of clay in nearly a liquid state, 
and apply it to the silrface of 
the article to be ornamented. 


moulding it into dhe required shape, su6h as stems, 
foliage, &c. In this way, by using differently coloured 
days, a pleasing effect was produced. Thirty a flower- 
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ing branch was formed in wliite^clay op a vessel d£ 
the ordinary r#d 'pottery. A pipette, supposed to # 
have been employed for thi^ purpose, has been found # 
among tjjte pottery. The ancient Roman kilns in 
which their pottery was baked, have been found in 
considerable numbers in Germany, Fraud, and 
England. * The articles produced are.generally simple 
and sopiewhat magpWe in form. ■ The amphorae, or 
wine jars, with two handles, are* often of graceful 
proportions. « 

In ancient Greece, and in all her colonies, a simple 
kind of unglazed earthenware seems to have been 
made from the earliest times ; but many of the glazed 
specimens are also of such 
high antiquity, that it would 
appear that the omission of* 
lustre was voluntary, and 
did not arise from inability 
to produce it. Etruscan 
pottery appears to have been 
the w r ork of less clever work- 
men, and to have been made 
without the advantage of 
the turning-lathe, and with- 
out glazing. The greater 
part of the Etruscan vessels 
(properly so called) are, 
therefore, of unequal thick- 
ness, and badly moulded, 
although often of agreeable 
forms, and ornamented with 
taste and care. The adjoin- 
ing is a representation* of an 
Etruscan urn, in black clay, 

"-much ornamented, but with ETKUSCAK U * N * 
some irregularities in the shape and position of the 
figures, &c. * Some of the most adn^r^fl vases onlled* 
Etruscan, are attributed to the $rreek potters of the 
isle of Saipds, so celebrated for the cleverness of the*ir 
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tvorks. Recent discoveries in Etruria have brought 
J,o light & great number of beautiful ^ases, having all 
% the characters of Greek pottery. So great is the 
delicacy and perfection oV many specimens of ancient 
Greek art, that they ar§ viewed 


pi 


l ill J 

iu 


with astonishment by m ode rn work- 
men, who know the difficulty of 
producing su£h results. At the 
ftianufactory at Sevres, some of these 
specimens have been given to the 
cleverest artificers, as problems in 
workmanship which they were to 
solve, not by explanations, but in 
practice. The methods employed 
in working out these problems are 
given in Brongniart’s admirable 
work on Potteries. The adjoining 
engraving represents a Greek vase, 
GRbEit vase in which tli § figures are red, on a 
black ground. The other illustration is of a covered 
cup or vase,Jiaving a similar mode of ornament. In 



GREEK VASE. 


the frontispiece are other specimens of Greek orna- 
mented vases. 

The ancient pottery of Egypt is* less interesting 
1 thaff might have be^p expected from a people whose 
architecture, statues, and customs, geneg-ally possess 
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so •much originality. There &re •not many forms i ft 
their vases and^itensils of clay which are striking as 
characteristic of Egypt, nor do the ancient greatly* 
differ frym the modern examples. Many of the 
ornamental vases, represented on tombs, are curious 
and interesting ; but there is every reason to believe 
that these were executed in metal. , The two follow- 
ing examples of ungiazed pottery are of a long oval- 
shaped* vase, with^two small hailllles, found among 
the ruins of Antinoe, and a simple fusiform vase, 
without handle, found in a tomb near the isle of 
Cephantine. „ 



VASE POUND AMONG THE RU1 FOUND IN A TOMB NEAR THE 

OF ANTINOE. ISLE 'OF CEFHANTINE. 


Some interesting examples $f pottery, generally 
spherical, or approaching thereto, and much or- 
,nanfented with figures of quadrupeds and birds, were 
long considered to be Egyptian, but are now believed 
*to be Phoenician, or Tyrian. m 

The potteries^ of India are of two kinds, the one 
red or yellowish, the other black, JSIost of # the 
common culinary vessels have the peculiarity of' 
being hemispherical at the base, being fitted for the 
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Rooking of pee, afid Adapted to receive the equal 
^action of tjhe fire. *■ They are neatly* all thi,u, light, 
r and very well turned. Jhe black pottery has often 
a lustre of such intensity as to resemble tl^at of the 
black diamond. It cannot be attributed to rlhe mere 


action' of fire on the black clay, for it ig^ometimes 
deficient in those parts of the vessel where the flame 


has played artrongly : it is rather 
to be ascribed to some liquid 
varnish i yet this is so exceed- 
ingly thin, that e it has not yet 
been possible to determine its 

»«. or urn.*, iui.no. nature - . In the . Museum of 
isdhn buck pottery. Sevres is a specimen of this 
pottery, in the interior of which is a proof that 
the glaze # was liquid, since it has flowed down the 
unglazed side of the vessel. 


i The potteries of North and South America are en- 
tirely different : those of the north approaching the 
German and Scandinavian make, while those of the 


south have a character more peculiarly their own. The 
ancient Iroquois, and other nations bordering the Ohio, 
fabricated vessels of large size, both in black and white 
clay, the latter being very impure, and interspersed 
with fragments # of bivalve shells, either to give the 
material more tenacity, or for the sake of ornament. 


the fragments projecting, and forming bright points. 
In Virginia, poor wemen apply themselves particularly 
to the fabrication of pottery. Though fashioned by 
the hand, the vessels^ are thin and well made. Some 
of them resemble those just mentioned in having 
fragments of shells mixed up with the clay. 

The discoveries which have Recently been made in. 


Mexico reveal, an astonishing amount of architectural 
and other antiquities. Among the ruins* of Mitla*, 
numerous specimens of pottery hav§, been met with, 
c and these, frequently, of a grotesque kifid. Others, 
consisting of jars, ornamented in different colours, 
and standing on feet, have been fouifd in crypts 


• I 

HISTORICAL "NOTICES OF EARTHENWARE. 17 

• • • 

ancl earthen moulds with human remain#. The ruins# 
of Mitto, and Palenque are considered to have be-« 
longed to an empire long anterior to that of ancient • 
Mexico. • Its date has, indeed, been assigned at 1000 
years before the Christian era. If this be anything 
like correct, the potteries of Mitla, although made 
without the turning lathe, must yfct be considered 
remarkably advances Tor that period, being well baked, 
and covered with a fine vitreous glaze, such as was 
unknown to Europeans until about ten centuries ago. 

South American pottery is very abundant, often 
fanciful, but sometimes of great sinfplicity, and 
approaching, in its forms, the Grecian, Etruscan, and 
Chinese. Nevertheless, much of it is badly made,, 
both the ancient and modern, and thick and irregular 
in form. The baking of all the pottery is conducted 
in the open air, without kiln or any other envelope 
than the burning w«ood piled around it. The 
Peruvians are considered the most clever in this art. 
Many of their drinking cups arc made in the shape, 
not only of fruits, animals, or parts of animals, but of 
men, and of human heads. This strange and un- 
graceful fancy is not confined to the Peruvians, but 
has been displayed by nations far more civilized than 
they. A great quantity of pottery has also been 
made in Brazil, where the employment is consigned 
to poor women. Large urns are fabricated by them 
for funeral purposes, the body befing reduced to the 
state of a mummy, and then bent together so as to be 
placed in the urn. If a chief mr warrior*, it was in- 
vested with ornaments and weapons. 
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WiHle the art of making simple ungtazed pot* 
tery is among the earliest of which we have any 
record, the perfecting of this art and the production 
of the finer kinds of pottery called porcelain, have 
been of recent date, at least in Europe, and in all 
other parts of the earth except the r east, perhaps 
solely China. 

The name porcelain is of very doubtful brigin; 
but the substance is well known as being a fine hard 
'kind of pottery, compact, impermeable, breaking with 
a shining^ fracture like glass, and being invariably 
translucent , or clear enough for light to pass through 
*t, however dimly. These are the characteristics of 
the pottery of China, which every one considers as 
true porcelain ; and such being adopted the stan- 
dard, it follows that the beautiful wares of Italy, 
and also the so-called porcelain of Egypt, must be 
excluded from the list. The Egyptian ware, of which 
so many small figures of Isis are made, is neither 
compact, hard, impermeable, nor translucent. It 
has been often confounded with true China, because 
it is a whitish cla f 9 with a blue or bluish green glaze. 
But not only does it differ outwardly from porcelain 
in the qualities above stated, but by analysis it is 
proved to contain o ply one out of all th$ elements of 
real china, namely siliceous sand. But if it may 
not rank with the porcelain of* China or of Europe, 
neither may it be compared with any other kind of 
pottery: it is in f&ct peculiar to Egypt, and may 
almost bo called an artificial stone, which the Egyp- * 
tians have enamelled as they have dene other stones, 

, such- as granite, schist, serpentine, &c. 

The origin of porcelain is to be sought for among 
the Chinese, and although the precise date of the 
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invention cannot be ascertained, "yet it ip stated that 
so ear^r as 2$ 99 years before •the Christian era,, 
the emperor Hoang-ti had p superintendant of pot- • 
teries, and that it was during his reign that pottery 
wTSs indented by Kouen-ou ; also that porcelain 
was comjnan in China 163 years before Chrisf. The 
latter assertion is in some measure eonfirmed by the 
fact th^t many vasdfe*of a pure white, but of inferior 
materials, were found in digging out the foundations 
of a palace which was built about that period. But 
it appears that it was not until four or five hundred 
years after the Christian era that porcelain began to 
be made with fine .materials, and to attain some 
degree of perfection. Yet this date is sufficient to 
give a high antiquity to the porcelain of China, and - 
to show that it was made at least 1250 yqars before 
our European porcelain. And there was so little 
change in the methods when once discovered, that 
in a collection of Chinese porcelain which exists in 
the Japanese palace at Dresden, and which bears 
date from 1403 up to 1620, there is not the slightest 
difference in the specimens, as to the mode of fabri- 
cation, the clay, or even the colour. 

The Portuguese first introduced Chinese porcelain 
into Europe in 1518, and it was nof t^Jl about two 
hundred years later that the first attempt was made 
to fabricate this hard porcelain ih Saxony. Jean 
Frederic Bottger laboured long* and diligently to 
find the secret of making porcelain, but could only 
succeed in ryaking a sort of redware, which, though 
greatly inferior to Chinese porcelain, was yet in great 
demand in Saxony as soon as it appeared. Accident, 
•however, brought to Band the material necessary for 
success. It happened that a riSh forge-master was 
'travelling* on horseback, through Aue, near Schnee- 
burg* and observed that his horse’s feet sank deep 
in a soft and white-looking earth,* which impeded, 
his progress. It immediately struck the merchant 
that this volute powder might be made an article 
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r tradc, by introducing if instead of the flour of whtfat, 
.for hair ponder, which was then very much in. fashion. 

, He accordingly collected some, and having found it 
to answer his expectations, he commenced the manu- 
facture, and sold his new hair-powder in large quan- 
tities at Dresden, Leipsig, &c. Now it so happened, 
that some of this, powder was used to dress Bbttger’s 
wig,* and that the wearer observed a difference in it 
from the common sort, and complained of its greater 
weight Questioning his servant on the subject, he 
learnt that it was earthy in its nature ; upon which 
he tried it An his manufacture of porcelain ; when 
he found to his exceeding joy that he had at length 
discovered the true secret of producing this beautiful 
'substance, and that with this new earth lie could 
make as white a porcelain as that of China. 

This substance was long known in commerce as 
Snorr’s white earth, from the name of the merchant 
who first discovered it : its exportation was forbidden 
under the most severe penalties, and it was carried to 
the manufactory by sworn agents, and in sealed casks. 
The precautions taken to insure secrecy were in- 
deed almost incredible. The fundamental point of 
all the instructions given to the work-people was, 
“ Secrecy tty the grave.” This motto was given 
out afresh to the superintendents every month, and 
was affixed to the doors of the workshops, so that 
all the inferior workmen might be constantly re- 
minded of it. Whoever should betray any one of 
the secrets, of the npanufactory was threatened by 
, the king to be shut up for life as a state prisoner 
in the fortress of Koenigstein. 

The manufactory of Albrefchtsburg, at Meippen,* 
was treated precisely as a Btronghold, of which the 
drawbridge was only lowered by night, and entrance* 
was strictly forbidden to all unconnected with the 
r placfi : even ‘'the- king, on bringing strangers of dis- 
tinction to see the place, received a caution not to 
betray inadvertently any of its secrets. ” r 
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Such # is the account given of the origin oftDresden* 
china, but some discrepancy exists in the Sates. The* 
discovery of this white earfh is said to have taken * 
plttce in 1711, while the first sale of white porcelain 
is descrj} as having been made at the Selit of 
Leipsig, in 1710, and at the same .time the period 
of Bottger’s triumph *>ver all his. difficulties is given 
as 1709T However this may befit is certain that 
Bottger was regarded for h is exertions by being 
placed at the «head of the new manufactory m the 
character of director. So successful ^rerc hiB at- 
tempts at a complete imitation of the porcelain of 
China, that the mos*t experienced eye can scarcely 
detect the difference in colour, form, painting, or 
gilding, between his w T orks, still exhibited in Dres- 
den, and those of the Chinese. Unhappily for him- 
self, this clever and ingenious man, having attained 
the height of his ambition, began to take less interest 
in the subject which had formerly engrossed all his 
thoughts, and at length giving way to a luxurious 
mode of life, died at the early age of thirty -five 
years, in 1719. 

The attempts to imitate Dresden porcelain now 
became numerous, and in some cases the resemblance 
was considerable, but it was only in'extbrnal appear- 
ance, the essential qualities of good china being 
wanting. At length, however, # certain individuals 
who did not feel that the stealing pf a process is as 
culpable as any other kind of theft, seduced a few of 
the workpeople from their alTegiance. ThuB the 
Duke of Brunswick won over the potter Bengraf to 
# his Interest, who founded, somewhere about the year 
1744, the manufactory of Furstemberg^ on the Weser. 
% A t. the same time and even earlier the sgcret had 
transpired in other quarters, and the manufacture 
was carried *>n in various parts of Germany, so as to 
become a source of profit to many sovereigns, ai the* 
same time that it afforded new objects of splendour 
ahd magnificence. 

, Meanwhile, the emulation of scientific men in 
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‘France had been strongly excited, and grea^ efforts 
were made to produce porcelain equal to that of 
Saxony, M. Reaumifr procured specimens of 
Oriental, Saxon, and French porcelain, and qp break- 
ing tfeem he discovered that while tl\# jgrain of * 
the Chinese and Saxon pieces was compact, 
smooth, and shining, that ot French ware was 
not so close or fiuc, had no lusVj^ and resembled 
loaf sugar. By farther experiments he found that 
true porcelain is a serai-vitrified compound, in which 
one portion # remains infusible at the greatest heat, 
while the other portion vitrifies and envelopes the 
infusible part, producing the beautiful translucent 
and shining texture. He next examined two sorts 
of porcelain eai th received from China, one of which, 
called pe-ftin-tsf. Was fusible, the other called hao-hn , 
was infusible. The search for matciial answering to 
tlieso was diligently prosecuted and at last successful. 
The finest and most abundant supply of # porcelain 
earth in France was discovered accidently in 1768, 
by Madame Darnct, the wife of a poor surgeon, 
who observed in a ravine at St. Yrieix, near Limo- 
ges, an unctuous white earth, which she thought 
might be used in bleaching linen. She show ed some 
of it to her^husband, and he, suspecting its real 
natuie, took it to Bordeaux, and made it known to 
persons engaged ii\ the search after materials for 
porcelain, who, on trial, found in it the very thing 
they needed as a base to the real hard porcelain. 
This discovery, so important to all France, does not 
seem to have been of any immediate benefit to the 
surgeon and his wife. M. BroHgniart relates th^t in « 
182o Madame Darnct was still living, and came to 
him in much misery to implore charitable aid, havings 
travelled troni St, Yrieix, on foot, tq sec him. He 
gave her immediately what she required^ and subse- 
’tyuerftly obtained for her from Louis XVIII. a small 
pension. This he justly calls a debt/ due from 
France for her discovery, which, though Accidental, 
was the means of opening a vast source of w r ealth and 
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industry to thg nation. The manufacture of hard* 

porcelafh was soon established at*Sevres, •which had* 
already become celebrated fdr a very beautiful china, • 
but such f as is called Under or liable to be scratched. 
Over this establishment M. Alexandre Broqgniart 
had bceS placed as director so early as the year 
18 °°. j 

In tllus briefly jATticing the porcelain of France, 
we must not pas!^)ver the fact that the art of mak- 
ing glazes for. the finer descriptions of pottery was 
" ‘greatly advanced in that country during the sixteenth 
century, by the labours of an extraordinary man 
named Bernard de i J alissy, who has left a deeply 
interesting narrative of his labours and sufferings.. 
An enamelled cup having fallen into his hands, he 
was seized with such an intense desire to produce its 
equal in beauty, that he gave up every other employ- 
ment, and devoted his whole mind, time, and sub- 
stance, for several years, to experiments on the 
compositi&i of enamel. He even went so far as to 
reduce himself and his family to want, so as to be 
compelled to sell his clothing in order to pay his 
workman’s wages ; but even then he persevered, and 
was at length rewarded with complete success. Fame, 
honours, and riches, were his reward^and he em- 
ployed a long life in promoting expellent and praise- 
worthy objects. Being a Protestant, and having 
in some of his lectures stated* facts which gave 
„ offence to the priesthood, he was, when in his nine- 
tieth year, dragged to the Bautilc by tlfese zealots, 
and suffered to die in prison. But his firmness of • 
mind did not forsake* him to the end ; he loved hiB 
^religion better than he loved his^life, as his reply to 
Henry 11,1. of^ France sufficiently testifies. “ My 
%ood man,” said the King, “ if you do nof conform 
yourself on tf&e fnatter of religion, I shall be compelled 
to leave you in the hands of my enSnnes.” — “ 8ire,”« 
replied the #ged Palissy, “ I was already willing $o 
surrenderttny life, and could any regret nave accom- 
panied the action, it must assuredly have vanished 
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•upon hearing the great King of France say, * I am 

*.compellecL , » This, *sire, is a condition to whifeh those 
f who force you to act tontrary to your own good 
disposition can never reduce me ; because I am pre- 
pared for death, and because your whole pefiple have 
not the power to compel a simple potter ^o°bend his 
knee before the Images which ha has made.” 

Porcelain of th£ fusible or tender kind hftd been 
made in England for a long periootprior to the dis- 
covery of the mineral substances nectary for making 
true porcelain. But a manufacture which prevailed 
to a far greater extent, and was of great consequence 
to the country, was that of the finer kinds of earthen - 
ware, which were brought to great perfection by the 
celebrated Josiah Wedgwood. Of this admired ware 
an intelligent foreigner thus wrote — “ Its excellent 
workmanship, its solidity, the advantage which it 
possesses of sustaining the action of fire, its fine glaze 
impenetrable to acids, the beauty and convenience of 
its form, and the cheapness of its price. Have given 
rise to a commerce so active and so universal, that in 
travelling from Paris to Petersburgh, from Amster- 
dam to trie farthest part of Sweden, and from Dun- 
kirk to the extremity of the south of France, one is 
served at etfiry iun upon English ware. Spain, 
Portugal, and Italy, are supplied with it ; and vessels 
are loaded with it for the East and West Indies, and 
the continent of Afnerica.” 

The great, seat* of this manufacture is in Stafford- 
shire, where a district seven miles in length, enclosing 
* many towns and villages, is known throughout the 
kingdom under the title of ".the Potteries,'” wdrile 
one of the villages^ built by Wedgwood himself, is* 
dignified by the name of Etruria. In 1686, the 
earthenware mode in this district w& of small im-'' 
portance, and the traffic was chiefly* csyried on by 
^pedlars, or b IJr the workmen themselves ; but a few 
years afterwards there arrived from IJolland two 
'brothers named Elers, who improved the manufacture, 
-and introduced the method of glazing the vessels by 



• 9 I 

HISTORICAL NOTICES OF PORCELAIN. 25 

• • • 

throwing commoji salt into the" oven «it % certain* 
period the baking. After them followed a potter* 
named Astbury, who is said to have gained a know- 1 
ledge of* their secrets by feigning to be of weak 
intellect, % and taking some menial office in the % Brad- 
well wolfa* This man appears to have been the first 
to introduce white s^one ware,- by employing calcined 
flints in its composition. ThisLwas a great step 
towards that perflation which was afterwards attained 
by Wedgwood, 'But the labours of Wedgwood, were 
of an extraordinary kind, and his discoveries were 
due, not to happy accidents, but to patieht investiga- 
tion and the most wntiring industry. His success 
becomes all the more honourable when we find that, 
his education had been greatly neglected, and that he 
had to overcome this serious disadvantage, and to dis- 
cipline liis own mind, ere he could enter on investiga- 
tions that were purely scientific. And when wealth 
poured in upon him, it did not unfit him for duty : on 
the contrafy, it became the means of greatly enlarging 
his sphere of usefulness, for he employed it in the 
extension of knowledge and in the alleviation of 
misery among his fellow-creatures. His charities, 
public and private, were munificent, and at the 
same time judicious; so that Wedgwood deserves 
to be respected, not merely as the most success- 
ful potter, but as one of the nfiost enlightened 
inen of his day. His principal "inventions were a 
beautiful and useful table ware , called by royal com- 
mand Queen’s ware; a terra mtta which could be 
made to resemble porphyry, granite, &c. ; basalts , or 
black ware, a kind qf porcelainous biscuit having 
tiea#fcy the same properties as natural stone, and 
striking sparks like a flint ; a wKite porcelain biscuit 
df a smooth wsfx-like appearance, but with qualities 
very similar $o the basalts ; bamboo or cane-coloured 
biscuit of the same nature ; and jasper** white j>or- • 
celainous biscuit of exquisite delicacy and beauty, 
having properties that especially fit it for the produc- 

B 
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* tion of p araeos, portraits, &c. 5 since the ground can 

* be made of any colour, while the raised figures are of 

* the purest white ; also a ^porcelain biscuit little inferior 

to agate in hardness, and much used fot morfcars 
in th^ laboratories of chemists. * ( 

The success which attended Wedgwood’s processes 
was doubtless a ‘great cause wh^ the manufacture of 
porcelain (properly so called) chd not advance in 
England, for many of his wares vkre so beautiful as 
almost to supersede the necessity for, anything of a 
higher description. Nevertheless, the discovery in 
1768 of ceVtain mineral substances in Cornwall, 
similar in their properties to the porcelain earths of 

. China, led to the production of a superior quality of 
china to any that had been previously made in Eng- 
land. For the cause just stated, however, this china 
was not in great demand. From the time of Wedg- 
wood to the present day the continued industry and 

? [rowing intelligence of manufacturers have carried 
orward various improvements both in e&Tthcnware 
and porcelain, and have brought these productions to 
great perfection. Porcelain is now made in the Staf- 
fordshire Potteries, at Derby, at Coalport, near Cole- 
brook Dale, in Shropshire, in the city of W orcester, 
and at SwinJOivnear Rotherham, in Yorkshire. 
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The art of making bricks or tiles of enamelled 
pottery is exceedingly ancient* and was applied to the 
decoration external as well as internal of .palaces and 
temples. A number of large edifices in Persia and 
Asia Minor are coveted on the exterior with such 
tiles, and sometimes enriched in the interior with 
historical pictures made with vitrifiable colours. 
Among the ruins of Babylon a great number of 
fragments of ornamental bricks and tiles have been 
found at various times. M. Riche in his visits to 
those anciept ruins found in most of the excavations 
“ fragments of beautiful pottery, and a great quantity 
of glazed tiles of surprisingly fresh and brilliant 
colours.” Many of the mosques in Asia Minor arc 
adorned with tiles of this description : that forming 
the tomb of the children of Ali, near Bagdad, has the 
two domes completely covered with gilded tiles, 
while the walls are ornamented with various flowers. 
This edifice is said to have been built in 1581. There 
is a palace at Ispahan richly decorated with historical 
pictures composed of square tiles, in which five or 
six colours fcan be traced, ariS there are several 
other edifices in the same city, variously ornamented 
yith* coloured tiles. A small fragment from the 
gredf mosque at Jerusalem was i > f a beautiful tur- 
quoise blue, witja ornaments of a deep blue, approach- 
ing to black. Another, from Baalbeck in Syria, was 
of a hard and»wlute, yet porous clay, jritji a thin gale 
bluish - glaze, and black ornaments. The palace of 
the Alhambtta in Spain is covered almost everywhere 
with encaufttic tiles of great beauty, and one of these, 
b 2 
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when examined in the laboratory of ^Sevres, was found 
to have *a .glazing 'in which lead w&s present, thus 
showing that the Arabs ^werc cognizant of this kind 
of glazing, at least in the fourteenth centuly. T^is 
tile had the motto in Arabic, “ There is n<tne strong k 
hut (fod” and this motto is repeated thousands of 
times on the walls of the Alhambra. 

Iti the museuin of the East' India Company arc 
some fine examples of bricks and fli^s with a brilliant 

f laze, brought from Gour, not far from Patna. The 
ricks are covered with rich ornaments in relief, 
white upon a black or deep blue ground, and in 
some cases the ornamental past is heightened with 
green or yellow. There arc also red tiles and bricks 
‘from Nepal, richly ornamented. 

Without- further tracing the early history of en- 
caustic tiles, we may simply remark that their use 
was immense and very widely spread, and that they 
formed the favourite covering not only for floors, 
but for walls, and even roofs. In some of our 
ancient churches specimens may still be seen, and it 
appears that during the middle ages the custom of 
inserting in the tiles the arms of founders and bene- 
factors to the edifice became very common. Many 
of the largey abbeys had kilns of their own for the 
preparation of these tiles, and from this source also, 
it would appear the parochial churches were supplied. 
An ancient tile-lain was discovered, a few years 
ago, near Malvern, on land formerly belonging to the 
Priory thore. The ancient pavement of the chapter- 
house at "Westminster may be mentioned as one of 
the best preserved specimens of encaustic tiles. M 
In the present fyny, the taste for this kind of 
ment has revived fh a remarkable degree, and many , 
of our churches now bear witness Vo thfe skill and 
judgment with which encaustic tilts are employed. 

, Th§ manufacture has, therefore, necessarily become 
active and important, and the processes are' not a 
littleinteresting, as our description will presently show. 

ft 
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MATERIALS OF EARTHENWARE. 

Th» two principal ingredient^ in the manufacture 
of earthenware clay and flint. The choice of the 
proper description of clay, and the proportion of 
flint to bo added thereto for the production of the 
kind of ware required, arc matters of great import- 
ance. In this respect each manufacturer exercises 
his own judgment, keeping the proportions of these 
two materials secret ; for on them depend the peculiar 
excellences of his productions. The methods of 
combining the clay and flint are nearly the same 
every where. • 

Four kinds of clay are in common use in the 
Staffordshire potteries. These are called black clay, 
cracking clay, brown clay, and blue clay. The first 
two are brought from the south of Devonshire ; the 
others from the Isle of Purbcck in Dorsetshire. 

The black clay is so called from its colour, which 
is due to the presence of a portion qf bitumen or 
coaly matter contained in it, which, however, entirely 
disappears when the clay is passed through the 
potter’s oven, leaving the wares fnade of it nearly or 
quite white. Cracking clay is so called from its 
tendency to crack during the^first burning ; an in- 
convenience which is avoided by mixing it with« 
otter clays which have not this tendency : it derives 
its^value from its extremely white colour. Brown 
clay comes white out of the o^en,' but is also liable 
♦to an imperfection called crazing , or cracking of the 

* The write* ha* to offer his best acknowledgments to Messrs. 
Rid g wood of Hanley, to Messrs. Minton, ana to Messrs. Cgpeland 
and Garrett, of Stoke-npon-Trent, in Staffordshire, for the liberal 
manner in which they allowed their extensive works to be inspected, 
and drawings made, for the purposes of the present treatise. 
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glaze. On ^Jiis account some potters reject this clay 
# entirely, f biit Mr. Parkes thinks the*- defect do arise 
„from the ware being dra^n out of the oven too soon, 
the glaze, which is a species of glass, requiring as 
perfect an annealing as glass itself. Blue* clay* is 
considered the best for common purposes, and 
fetches the highest price. It will bear a larger pro- 
portion of flint than any other, 1 1 and on this account 
will produce a whiter ware. V 

In addition to these varieties of clay, a fifth is 
largely employed in the manufacture of the finer 
kinds of earthenware. This is known by the name 
of china clay, and is found ip Cornwall. It is 
obtained from one of the ingredients of granite, 
ivhich is often found in nature in a partially decom- 
posed state. Granite is composed of quartz, mica, 
and felspar; and the last named mineral is the 
source of china clay. The clay merchants in Corn- 
wall prepare the clay for the potter in the following 
manner. The stone is first broken up by means of a 
pickaxe, and then thrown into a stream of running 
water. This washes off the light argillaceous or 
clayey parts, and keeps them suspended in the water, 
while the quartz and the mica thus separated sink at 
once to the bottom: at the end of these rivulets are catch- 
pooh, where tne w r ater is dammed up, and time allowed 
for the pure clay to subside. This being done, the 
water is drawn off; *the solid matter at the bottom is 
dug up in square blocks, and laid on what are called 
linnees, which are several connected series of strong 
f shelves, arranged so as to allow of a proper circula- 
tion of air, in order to dry the clay. This bejng 
done, it is packed in casks and* sent to the pottages * 
under the name of <5hina clay. Thus prepared, it is 
a white impalpable powder; and contains sikty parts* 
-of alumina and twenty of silica. Apportion of un- 
(iecoipposed Gonaish felspar is often added to the 
clay, as it serves by its fusibility to bind the irigre- 
difents more closely together. It is worthy gf remark 
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that although neither clay, *flinf, nor lime can b& # 
melted separately in the greatest»heat oi /i porcelain m 
furnace, yet when mixed tqgether in proper propor- # 
tione one mineral acts as a flux to the others, and 
the mas%ean be fused without difficulty. 

Steatite «or soapstone, a species of mica which is 
found abundantly iryCornwall, and also in the island 
of Anglesea, is alscf occasionally employed ii? the 
manufacture of nprcelain. 

The flints employed in the manufacture of 
earthenware are obtained from the chalk districts, 
chiefly Gravesend and Ncwhaven. They are coated 
with a white crust^but are dark and clear within. 
Those which have brown or yellow spots on their 
fractured surfaces should be rejected, as these markg 
indicate the presence of iron, which would produce 
stains in the ware. * 


PREPARATION OF THE MATERIALS. 

The preparation of the materials for the use of 
the potter is a work of considerable labour and care. 



BIUNQIVG. 


32 


AR*S AND MANUFACTURES. 


The clay is f first *mixed with pure water to the 
f consistence,, of cream. This is called blunging, and 
carried on in a trough afyout two and a half feet deep, 
as shown in the figure. The proper proportion of 
blue and white clay being placed over-night in the 
trough with a quantity of water, is left to soak until 
the morning. It is then well incorporated with the 
water by means of a long blcfue of ashwogd fur- 
nished with a cross handle at its Ripper extremity, 
and called a Hunger or plunger. This is worked 
about violently in the trougli in all directions until 
a smooth pulp is produced, a pint of which is, by 
the addition of water, made to r weigh twenty-four 
ounces; but when china clay is used, a pint is made 
to weigh twenty -six ounces. 



G1UVD1HG 1HE CLA1 


In some establishments mechanical power assists 
tSie operation of blunging. The clay is thrown into 
a oast-iron cylinder four feet deep, and twenty inches 
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in diameter. Through the centre of this cylinder 
runs a» upriglit shaft, furnishdtl with • projecting 
knives arranged in a spiral Hue from top to bottom, 
so $iat, a% the shaft revolves, these knives not only 
cut the clay but force it down- 
wards to the bottom of the fcylin- 
<j^r. Parallel \fith, and corres- 
ponding to tl^se knives, a second 
set is fixed in the interior surface 
of the cylinder, extending as far 
as the shaft in the centre; and 
thus these two sets, otoe in motion 
and the other at rest, act like 
shears, cutting the day into small 
pieces : in this divided state it is 
forced out through an opening 
at the bottom of the cylinder, whence it is removed 
to a vat and mixed witli water, where the blunging 
is greatly facilitated by this previous cutting up of 
the clay. * The mixing vat is provided with a per- 
pendicular shaft furnished with ero.-s arms, which by 
their revolution cause the finer particles of the clay 
to mix with the water, while any stony particles that 
may be present sink to the bottom. By these con- 
trivances a pulp is formed as in the process of blung- 
ing by hand already described. ^ 

In order to reduce the flints # to an impalpable 
powder, Bcveral processes are ne*cessary. They, are 
first burnt in a kiln for about thirty hours, and are 
allowed to cool before being 4aken out?: in some 
places however it is the practice while they are at 
a red heat to throw them into cold water, the effect 
"of ^rtiich is greatly to increase their brittleness. They 
are next broken, for which purpose they are placed 
ftpon a strong *iron grating, and struck by stampers 
or wooden Veaflas shod with iron, weighing about a 0 
hundredweight each, and furnished a\ the upper* 
part with projections or catch pins, which meeting 
with similar projections in a wheel on the opposite 
B 3 
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r si(le, the stampers ire raised in succession ; and these, 
u when left free by the rotation of the ^vheel, fell with 
r great force and break the flints into fragments suffi- 
ciently small to fall through the grating. n 



FLINT MILL 

The fragments of flint thus prepared are next 
conve) ed to the flint pan, which is a strong circular 
vat ten or twelve feet in diameter. The bottom of 
this vat is formed of quartz or felspar in small blocks 
embedded in mortar^ similar in composition to the 
material which is to be ground. In the centre of 
the vat is an upright shaft surrounded by a barrel 
or hoop fourteen inches high, to prevent the materials 
from being soiled by the moving power while being 
ground. Projecting from this shaft are four strong' 
frames which serve the purpose of moving the run- 
ners, which cGntfist of a very hard siliceous stone called 
chert , which is found in abundance in the neighbour- 
hood of Bake well in Derbyshire. Water to the 
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de{)th of eight inches being pu£ intd the vat, the brokel^ 
flints oifcfeTspanaife added, and the central/lfcift beings 
put in motion, the broken pieces are forcibly rubbed, 
against the runners as well as against each other and 
the* paving of the vat, so that in the course of ’some 


% 





* LINT PAN 

hours the flints are reduced to a fine powder, and the 
mixture has the consistence of thick cream.* 

Before the invention of this mill by the celebrated 
Brindley, the flints were ground dry— an operation 
almost as fatal to the workmen supei intending it as 
the dry grinding of needles and edge ^)ols is at the 
present day. The air of the r<pm being charged 
with the finer particles of the fli jt, entered the lungs 
and did much mischief. The introduction of th» wet 


method, however, has entirely remedied this serious 
objection. • • 

The selection of the stones employed in the con-* 
% strtictian of the flinUinill is a point of great import- 
afRfe, as the goodness of the pot^ry depends in great 
measure. on tjiis circumstance. Mr: Parkes states 
“that some years ago a very severe loss wa^ sustain ec^ 

* Smaller pans of the same construction f»m four to si ^ feet ijl 
diameter are used foi grinding the felspar, broken porcelain, bone, 
and other nuftenals used m the composition of earthenware, as ^lso 
the differed glazes used for covering the ware after it is baked. 
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\>*y many of £he firSt houses in the trade, in conse- 
quence oft^eir having been supplied whh larg* quan- 
tities of prepared flint wfeich had been ground with 
stones containing a considerable portion of carbonate 
of lime ; this being mixed with the flint, and even- 
tually '*vith the ware itself, rendered it fusible at a 
lower heat than -usual, .so that Vveral ovens full of 
ware r were fused down before the'error was discovered. 

When the flints are sufficiently ground in the flint- 
pan, the creamy mixture is transfeife^d to another 
vat cohtaining a considerable quantity of water. This 
vat is also furnished with an upright shaft and arms, 
by the revolution of which the fipcr particles of flint 
are kept suspended while the larger and heavier par- 
ticles sink to the bottom. The water containing the 



finer particles is then draw n off into a reservoir, and 
when the fine powder has subsided the water is allowed 
to flow off. '’The flint powder is considered as fit for 
"mixing with the clay when a w r ine pint of it weighs 
thirty-two ounces, while an equal bulk of the diluted 
should weigh twenty-four ounces. By thus takhig 
densities of the two principal ingredients, 4 the ma- 
ta&faoturet is enabled to mix them in tlic proportions 
\vhich he judges best adapted to th^ kiad of ware 
intended to be ; made ; but in this respect the practice 
of t manufacturers, as already stated, varies consi- 
derably. * 
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MIXING TIIE ^MATERIALS. 

^^Thc «lay and the flint being thus reduced to a 
state oftnitmte division, are mixed in the proper pro- 
portions and intimwjely united agitation. The 
mixture is then passed through sieves of hard’spun 
silk, nianufactiired expressly for the purpose. These 
sieves go on increasing in fineness, so as to prevent 
any unbroken pieces from remaining in the mixture, 
and to reduce the whole to a state of thfe utmost uni- 
formity and smoothness. These sieves are arranged 
on different levels, as shown in the engraving on the 
next page, and are so connected with the machinery 
as to receive a sort, of jogging motion, whereby the 
mixture passes freely through. 

The fluid mixture of clay and flint is technically 
called slip , and as the water which has been so pro- 
fusely employed in its preparation is, as it were, a 
sort of tool useful in the production of a result, hut 
which may be laid aside when the result is accom- 
plished, so now it becomes nece>sary - to get rid of 
most of the water, and to bring the mixture of clay 
and flint to a doughy consistence for the use of the 
potter. As heat is the most convenient agent for 
getting rid of water, the slip is cfmvcycd to the slip- 
house and boiled in the slip- kiln.* The slip-housp is a 
long low building, standing by itself, the tiles of the 
roof being placed half-way apart to allow of the more 
ready escape of steam and vapour. The slip-kiln con-» 
sists of long brick ^roughs with flues under them of 
sufficient size to heat the mixture to the boiling point. 
It is necessary to keep the mfleturo. constantly agi- 
tated during* the early part of the evaporation, to 
prevent th$ heavier flint from subsiding; if this wer^ 
not done, one part of the clay woul<? contain to<* little * 
and another part too much flint. There is, also, a 
.tendency on the part of flint and clay, when water is 
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present, to form a sort of mortar*whicl\ speedily har- 
dens, tut tliisis ’prevented by diKgent sti^rflig. Whe^ 
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bubbles of steam cease to be formed on the surface of 
the slip, and portions cut out from different parts of the 
mass appear to be of the same texture and sufficiently 
hard, the fire is lowered, and the mjiss quickly re- 
moved to another part of the slip-house, where it 
undergoes the process of wedging.. The slip is gene- 
rally in the kiln twenty-four hours. * 

The mixture of clay and flinf after it has left the 
kiln ought to be kept for a considerable time, in-order 
that the materials may become moi*e intimately united 
than they^ever can be by mece mechanical force. In 
China it is not uncommon for the prepared clay to 
remain fourteen or twenty years before it is thought 
Ao*be in a fit state for use; and Mr. Parkes states 
that in some districts it is euAomary for a father to 
prepare* as rihich porcelain clay as will be sufficient 
for the uqp ofihis son throughout the whole period 
his life. In England, however, thif pdint is not suffi- 
ciently attended to, although every manufacturer is 
, aware <$f its importance; want of room, of time, "and 
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often of capital, occasions it to be sometimes useS 
jparm from the slip-kiln, and not uncothmonly when 
it has been lying for only 1 # few hours or days. 

Th^ heat to which the mixture of clay andf flint is 
exposed in the slip-kiln drives off the greater ^portioa 
of the frater in the form of steam, as already stated. 
As the evaporation proceeds, any' the mass increases 
in deifeity, the expanyon of the water into steam fills 
the clay with little vesicles, vv hich must be got rid 
of, together with any air bubbles entangled with the 
clay, for, if allowed to remain, they would form blis- 
ters or warts ifi the ware. This is accomplished in a 
remarkable manner. The ma^s from the kiln, extend- 
ing many yards in length, is cut up into wedges by 
means of a sort of spade, and these wedges are turned 
over and dashed against each other. In this way the 
pile is worked two or three times in the course of a 
few months, during vv hich the whole mass becomes 
more uniform, of finer grain, and not so liable to crack 
or become disfigured in the baking as the wffre made 
with more recently formed paste. 

This process, which is called wedging, is not however 
sufficient to get rid of air bubbles, nor to impart to 
the paste sufficient uniformity and smoothness. It 
has to undergo j a more refined and elaborate process 
called dapping. 

The workman called the dapper takes a mass of the 

S aste^ weighing frorrf sixty to seventy pounds, and 
ashes it down up’on a bench before him. He then 
outs off a portion by drawing through it a wire fur- 
»ishcd with a handle at each extremity, and taking 
up the piece thus separated he turns it over and 
dashes it down with all his strength upon the remafc*. 
der of the mass. The faire is passed through a g second 
, time in another part of the lump, and the divided 
faction is again taken up and dashed forcibly down. 
This operation's fepeated forty or fifty times, during 
which every portion of the clay is in turn bt ought to 
the 'surface, care being taken to preserve the grain of 
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the paste ; that is, the layers are slapped parallel to each # 
other, syid not right angles or •obliquely ,Yor if this # 
were done the various segments would not reunite in # 
the slapping, and the ware would be liable to .fall 
aj^alrt iii # the baking. 

In preparing the waste for the potter, it is% usual 
to mix with it pomons of paste produced bv the 
process of turning , hereafter to be noticed, as,*also, 
any vessels which have been accidentally spoiled pre- 
vious to bakipg. This material is generally of a 
different colour to the paste now under notiefc, and 
' it is curious to notice how perfectly the« operation of 
slapping blends tlnj whole into one uniform mass; 
two masses of clay of different colours being thereby 
formed into one mass of a colour intermediate between 
the two. Air bubbles are also effcctually^got rid of 
by this process, and the paste is thus prepared for 
being fashioned into some of the endless variety pf 
useful and ornamental articles in earthenware. 

In the preparation of paste for the manufacture of 
porcelain, the China clay of Cornwallis used in com- 
bination with ground flint and felspar ; to this is 
added a considerable proportion of calcined bones, 
(which are supposed to improve the transparency of 
the ware,) and a small quantity of gypsum or sul- 
phate of lime. Fragment s of brokcn'pordclain ground 
to a fine powder sometimes enter* into the composi- 
tion ; and should this material net be at hand, small 
slips of it are prepared from clay, flint and gypSum, 
the two latter ingredients bging in excess; these 
slips are baked into porcelain and then broken up # 
amj ground to powder for mixing with the other 
*uy}terials. Different Writers mention other ingredients, 
such as a frit composed of nitr#, soda, alum and se- 
Jenite, together with a large admixture of ferruginous 
sand and a small quantity of common salt. 
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' THROWING. 

Articles in earthenware ara brought first into 
shape by one of three differelit processes, jiamed 
throwing , pressing anfr casting . Of these, throwing is 
the most ancient as well as remarkable, for by it 
vessels of elegant and beautiful forms are produced 
by the hands of the potter with such precision and 
rapidity as may well excite the admiration of the 
spectator. In pressing and casting the clay receives 
its form from plaster-of-paris moulds, and the articles 
are produced without any remarkable degree of skill 
on the part of the workman. 

, The thrower performs his work with the assistance 
of the ancient potter’s wheel or lathe, consisting of an 
upright shaft about the height of a com mountable, on 
the top of which is fixed a disk of wood of sufficient 
diameter to support the largest vessel that is made. 
The lower end of the shaft is pointed, and runs in a 
conical step, and the upper part in a Bocket a little 
below the circular board. The shaft has a pulley 
fixed upon it with grooves for three degrees of speed, 
over which an endiess band passes from a fly-wheel, 
by the revolution of* which any degree of speed may 
be given to the shaft and its top-board. When this 
wheel is small, it may be placed alongside, as in the 
turner’s lathe, and it is then driven by a treadle and 
crank : but when of large dimensions, by the arms of 
an assistant. * # 

The mass of dough to be’ thrown is accurately 
adjusted to the size of the vessel required, for whicly 
purpose tfie mass as it is received frorp the slapper is 
cut uj> into portions with a brass wire ; each portion 
is weighed separately, well slapped b^Jween the 
hands to expel water and air bubbles, and then rolled 
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up* into a ball. # Tbis is usually* done Jby^a second* 
fenu^e mssistaift, called th^ baMer . Thi thrower,* 
seated with one foot on each side of the wheel-head,* 
with his elbows supported on his knees wheg his 
h^nds require to be kept steady, takes one of these 
balls, dashes it down jfpon the centre of the revolving 
board, and with botfy hands previously wetted, and 
occasionally dipped into water Mar him, he squeezes 
up the clay into a high conical column, and again 
forces it down^nto a lump, so as to get rid of any 
remaining air bubbles. With one hand or linger 



THROWING 


and thumb in the mass, and th^ other on J;he outside, 
or with his fingers only, he gives the first rude form # 
to Jhe vessel, and with a piece of horn, slate, or 
*pqj*aelain, called a M, which has the profile pf the 
shape of the vessel, he smooth* the # inner surface, 
gives it tlie proper shape, and removes the inequalities 
left by the fingers. In the mean time, the assistant^ 
keeps the wTieel in constant motion, varying, however^ 
the degre^ of velocity, according to the directions ot 
the thrower, who requires different degrees of speed 



, at the different stages of his work. In order to make 
r a number # f vessels of ^xactly the satoe size* helloes 
, not rely entirely upon his eye ; he is furnished with 
a very simple kind of guage, consisting of a peg. or 
stick, placed opposite to him, at a certain distance 
fromrthe centre of the vessel, yvhereby h\3 able to 
judge of the required height and diameter of the 
vessel which is being formed. It is scarcely necessary 
to remark that the thrower produces only such ves- 
sels as are circular, such as tea-c&ps, basins, &c. 
Handles, spouts, and ornaments, when required, are 
added afterwards. As fast a$ the thrower has com- 
pleted one vessel to hia satisfaction, he cuts it off* at 
the base by means of a fine brass wire ; the bailer 
'then hands him another ball, and dexterously lifts off 
the vessel, (which is now said to be in its green state,) 
places it on a board, and when a sufficient number 
are collected, they are removed in fine weather to the 


open air, and in moist weather to a warm room, 

where they gradually part with ^ 

moisture, and are fit for the next y f 

process, which is turning . \ f 

The following figures will further 
assist the above description of throw- ^ sL 

ing. In order ,to form the lower F E _\ 
part of the*' vase D, the thrower U jj 

dashes upon his wheel the lump of [i ;I 

cla^, A ; this is Worked into the V\ n jj 
conical mass B ; then into the rude V, jj 

cup, G, and lastly int? D. It is the \ jj 

% business of the turner to reduce the \ // 

thickness of the mass, and to improve . 


\ 



gpi 
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the shape. E, on th? whe^l, is intended 
v ^ r * a portion of the cover vf the vase** 

It will be qfcserved that in all the 
f *4^ ~~1 figures on the wheel, a spiral grgin is 
given to the clay, which is found best 
to retain the form gi/en to the plastic material. 


TURNING. 

• 

The operation of* turning precisely resembles that 
by which wood, ivory, metal, and other substances 
are formed into articles with circular surfaces ; and 
it is a curious sight to watch a rude clay cup or bowl 
spinning quickly round in the turner’s lathe, with 
long and broad shavings flying off from it, under fhe 
operation of a chisel and other cutting tools. The 
throw T er ^iot being able to form vessels sufficiently 
thin, or to produce that finish and polish which are 
expected in articles of this kind, renders the process 
of turning one of considerable importance. “ It 
requires considerable dexterity in the workman, to 
avoid destroying or fracturing the vessels, while 
forming them to their requisite size, thickness, and 
correct shape of circular vessels; and it presents 
numerous opportunities for tlie exercise of drill, 
taste, and genius, in giving to the several parts the 
rings and rims required, and to the whole TUI the 
elegance suggested by the pattern, and the little® 
niceties, either witl^ much difficulty, or by no effort, 
*rd>f&inable when on the throwing engine.”* 

In or<Jer that the turner may stand quite steady to 
Siis work, motion is given to his lathe by afl assistant, - 
called th Qttw&der. This is often done by a ffemal^ 
and, as her right foot only is employ £d during 4he 


* Encyclopaedia Metropolitans. 
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burning, qjhe is able to attend to the, green vessels on 
-the board. Moistening their upper edg^s, and elea/ang 
away whatever may interfere with the turning. “ The 
position of the turner while employed on earthen- 
ware is the reverse of that of the wood-turner ; feu 
instead of standing exactly linear with his ltfthe, or 
aslant a little frofo the ‘head-stqck, he looks towards 
this, and remains at entire freedom from every thing 
that might render him unsteady. On the chuck is a 
clay ring, kept scarcely moist. Thb vessel to be 
turned is put on the chuck, and as soon as the treader 
gives motion 'to the spindle, th,e turner presses with 
his tool or finger the upper edge* already moistened, 
into the clay ring. Next placing his tool opposite 
the tranverse axe of the piece, he carefully cuts 
away all surplus clay left by the thrower, and reduces 
it to the precise thickness required. In very valuable 
articles the turner weighs each vessel. The orna- 
mental portions are formed, and when engaged in 
engine turning , while the spindle is in slovt motion, 
the back spring causes the incisions of the circular 
plate or movement to bring the vessel nearer to 
the tool, and those parts are in consequence cut 
away in diamonds, dice, or other fanciful indent- 
ing ; and the full part carries it away again, so as to 
form these dice, &c., at distinct distances all round 
the vessel. When" all the cutting away of the clay 
has keen completed, *the treader very expertly gives 
to the spindle a retrograde motion, during which the 
turnei^applies the flatesurface of a broad ttool on the 
upper part of the vessel, and by gentle pressure 
thereon, gives to the whole vessel a solidity not pre- 
viously existing, and a glossy smoothness of surface^ 
removing all iuequalfties of surface left by the prior 
manipulations. The vessel is next cut Ibose from the' 
^lay ring, and placed on a board, for tlie handler, or 
to dry for the 'bigfcuit oven.” 

Handles, spouts, and other additions ar^ attached 
to 'the articles by means of slip, which unites them 
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perfectly in a yery short time. The^ superfluous* 
claj^ about th? handle is sprapSd off wifch a knife, • 
and the vessel cleaned with a damp sponge, whicl* 
gives it a uniform appearance. The clay foa the 
handles,! &c., is first formed into pipes at a small 
press, tfhich forces tf^ clay through a metal ttlbe of 
the required size and#form. This clay pipe is then 
cut up^nto lengths, and bent into the required sfiape, 
for a handle, &c. Spouts are formed by inserting 
a pin of the proper size into the metal tube, and 
forcing the clay between the two. Ornamental 
handles, spouts, &c. aije formed by pressing clay into 
plaster-of-paris or steel moulds ; figures of animals, 



foliage, &«., are similarly formed, and are afterwards 
attached to the vessel by means of slip. In some 
cases copper moulds are used, smeared with oil, to 
cause the ornament to deliver itself freely. Flowers 
and foliage, &c. are also formed by hand with consider- 
able dexterity and attention to botanical character ; 
as the writer had an opportunity of witnessing a few 
months ago at the celebrated pbrcelain works at 
.Meissen, near Dresden. • 


PRESSING. 

The second method of forming articles in earthen- f 
ware is by pressing, which is the safne'in principle* 
only bn a larger scale, as the method just alluded to 
of forming ornaments in plaster moulds. Plates aitd 
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^dishes ar$ made by this method, so .that this forms a 
■» very important department of the mtSbufactissre.^ 

* I’he plaster moulds used in pressing are exceed- 
ingly numerous ; a complete set being required^ for 
every new pattern, and for every size of /-he same 
pattefn, Plaster-of-paris, gypsum, or j^ulphate of 
lime 4 (thesame substance under three different names), 
possesses the useful property, when recently burnt, of 
combining with water so as to form a smooth, hard 
kind of mortar. When received at tke manufactory 
in its crude state, it is ground between a pair of stones 
in a mill, similar to that used ipr grinding corn. This 

J )owder is next heated in a kiln, .where it parts with a 
arge quantity of moisture ; this is called hotline/; and 
when the process is complete, the powder is 'called 
boiled plaster. 

A model of the article required to be executed 
bfeing prepared, it is placed on a board of the proper 
size, and at the distance of the intended thickness of 
the mould, a cottle, or bat of clay is fixed. «A portion 
of the model is also covered with clay, and the exposed 
portion is brushed over with a wash formed by boiling 
a solution of potash, soft-soap, and china clay ; this 
is to prevent the plaster from sticking to the model, 
and also to impart to the mould the requisite smooth- 
ness. g 

A quantity of boiled plaster being quickly mixed 
with water, is poured, while still fluid, around and 
over the model, fill the proper thickness is attained. 
Considerable heat is given out during the combina- 
tion of the water and the plaster, but in a very few 
minutes the plaster is sufficiently set to bear removal 
The clay cottle is then taken away, the other feu&v 
of the model ace cof ered with plaster, and the mould 
is thus completed. In a few hours it*is taken apart* 
\and t&e model removed, when the mould ^presents an 
accurate impression of the model in* all its minute* 
details. When the mould is properly drfcd, it is fit 
for use. « 
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* Moulds for plates and dishes* and similar shallow 

articles* consist of only one piece, and art* formed by 
taking the impression of tne upper surface of the 
model of the plate, &c. in plaster ; the plate-ipaker 
placing ^tlie mould upon a whirler , formed of a 
thick Week of plasty turning freely round, • takes 
a ball of clay of* tl^p proper weight, and flattens 
it out .with a block of plaster with a broad "base, 
called a batter . When a large mass of paste is 
required, as &r a large dish, a moistened sheep* 
skin is spread on a marble table, and over this 
the paste is cxtcndcd # with a rolling-pin, supported 
on two guide rules. The extended paste is then 
lifted up upon the skin, which prevents it from 
falling to pieces, and being placed upon the* 
mould, the skin is removed. The workman then 
proceeds to work the paste down upon the mould, 
pressing out the air with a small slab of baked por- 
celain, then smoothing and adjusting it with a piece 
of flexible liorn, thirdly, rubbing it well with a wet 
sponge, and, lastly, with wet leather. The edges 
then being trimmed, and the maker’s name, or other 
inscription or mark stamped upon the back, a boy 
takes up the mould with the plate upon it, and con- 
voys it to a room, raised to a high temperature by 
means of warm air conducted through if in an iron 
pipe. A series of wooden shelved are ranged round 
this room, upon which the moiilds are placed. , In 
about two hours the plate is sufficiently dry to be 
removed from the mould, and ^he mould, wniBi has 
absorbed a large portion of moisture from the paste 
in contact with it, is unfit to be used again imme- 
’iifct/^y ; but, by keeping a number of moulds in use, 
those first used are sufficiently flry tp be employed 
again, anti each mould can thus be used five or six 
times in a cjpy. • A man, with the assistance of sSboy,, 
will make 400 or 500 plates in a day? * • ^ • 

Such the simplest form of pressing. Deep 
vessels, s*ich as ewers, vases, &c.* are formed fiy 

* (19) • c 
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c what is called hoUfovc ware pressing , or squeezing, for 
# which purpose the mould is generally made in four 
jparts, accurately fitting 'together. The presser/pre- 



‘pares for his work by getting ready a number of 
crusts of clay, called bats , of the proper size and 
thickness ‘for pressing into the separate parts of the 
n?ould. From a properly-slapped mass of clay and 
flint before him, he cuts off with a brass wire a piece 
of the proper size, which he kneads between his 
hands into a ball, and then dashes it down upon the 
bench before him; he then beats it out, with a 
plaster batter, to the required thickness and shape, 
and puts it aside for future use. When a sufficient 
number of bats is collected, the mould, or a section 
thereof, is put ilpon a whirler, and 
one of the bats is* bossed , or forced 
into it with a moistf; sponge. The 
cla£ is also Forced into all the 
part^md comers of the mould by 
t working it* about wifh the thumbs. When all the 
sections of the mould are thus filled, and the surface 



smoothed with a moist sponge, the edges are trimmed 
with a sharp knife, and moistened with slip f* tfit? 
parts of the mould are next carefully brought to- 
. gethjgr, and secured by a strap passed round thenf. 
^The jpfesser fhqji passes his finger uf> e^ry joint, so 
atftoTorm a channel into which a thin rob of clay is 
inserted, which is worked in first by the ' finger and 
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thumb, and then # smoothed with moist leafier, or a* 

cow X on account of its, coifvenient form. All • 



HOLLOW WARE PRESSING. 


marks arc carefully removed with a moist sponge, 
and the inaide is then washed with pure water. The 
mould is next set aside for a short time to dry, and 
is again placed on the whirler, and polished with a 
flexible plate of horn. The mould is then placed in 
a warm room, and, when sufficiently dry, the article 
is taken out to be fettled , or trimmed with proper 
tools, so as to get rid of any appearance of seams ; 
superfluous portions of clay are femoved, and the 
exterior surface is then cleaned sfnd polished with a 
moist sponge; the handles, and other appendages, 
are added ; it # is, lastly, polished ^vith the horn, is 
then set aside to dry previous to baking*. < 

In some establishments where original articles of 
gS^.t4aste and beauty are produced, models in clay 
must first be formed by an experienced jnodeller, who 
is^generally an *artist of considerable skill. • When 
the design i^ elaborate, the mould is of course j 
plicated. The writer saw at Meissen models for • 
vases, emblematical of the ancient elements — fire, air, 
earth, and water, the moulds for which consisted of 

c 2 
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150 separate pieces. The impressions as delivered 
from the moulds are put together by means oft' slip, 
^and any little ornaments, such as flowers, foliage, &c. 
which arc made by hand, are attached by the same 
material. ^ * " f 

Wnerc the ornaments are of a simple character, 
the .articles arc formed by the 'anion of throwing and 
moulding ; as for example, coffee cups with a raised 
ornament in the inner rim, which were being made 
at the time of the writer’s visit to Mftiton’s porcelain 
works. Each cup was first formed by throwing ; it 
w T as then put over a mould to receive the interior 
ornamental border; the throwing was next repeated, 

• or as it is now called laying, the object of which was 
to bring the paste close up to the surface of the 
mould; by this method the inside of the cup is 
finished ; the outside being afterwards brought into 
proper shape, and the cup made thin and light by 
turning. When embossed ornaments are on the out- 
side of the vessel, the reverse of the above process is 
adopted, the paste being put into the mould while 
the inside of the vessel is formed by throwing. Scol- 
loped edges are sometimes produced by the turner, 
but more usually they are formed by hand with a 
knife. 


CASTING. 

In forming delicate fragile articles intended for 
orndffient rather than use, the process of casting is 
■ often adopted. For this purpose the clay and flint 
are mixed with pure water toji creamy consistence, 
and in that state poured into the moulds. * Tc&fe 
plaster quickly absorbs water from that portion which , 
comes in contact with it, and hardens it sufficiency 
l to j^ow of the central and still fluid portion being 
* poured off. c Al coating of clay is thus left attached 
to the mould, and being left to dry for 4 short time 
a second portion of clay is poured in; tthis, how- 
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ever, is thicker than the first chafge, ajL(i % serves to • 

streitath^n and* support the f thin layer already ad- 
hering to'the mould : the fluid portion being poured, 
off, the mould with its contents is placed in a ^tove 
lyitil sufficiently dry to be separated. The cast is 
i then taken out, and \^iile yet in its green statf it is 
carefully examined by the mjjdellcf, and any little 
defects. corrected. By this method are formed* the 
porcelain statuettes now so common. The lace which 
adorns many o£tlie female figures, is put on together 
with other minute ornaments after the figures are 
taken out of the moulc|. The lace is formed of cotton 
thread, manufactured for the purpose ; and this being 
dipped into slip, imbibes a sufficient quantity of the 
porcelain material to take the place of the thread ; so* 
that when the hitter is destroyed by the lie at of the 
furnace in baking, the lace appears as if it had been 
originally formed of real porcelain. . • 

BAKING THE BISCUIT WARE. 

The articles produced by any of the processes 
already described arc kept in a heatejl room until 
they have parted with much of their moisture. In 
the course of drying they gradually assume the 
colour of the dried plaster of a new wait, and when 
the overseer pronounces them to *be fit for the kiln 
they arc packed in coarse strong vessels called 
for the purpose of protecting them' from the direct 
action of the fire and the pniducts of condition, 
which would soil and otherwise injufe them. Most 
of the seggars are oval in shape, and greatly resemble 
a*wfy’s band-box without the cover ; the usual dimen- 
sions are, two and a half by tviPo feet, and twelve 
iaches deep:— 1 those used for plates are cylindrical, 
ancfvary imdepth from eight to fourteen inched the| 
usual dimensions of the oval vessels # arS twenty-tiy^ 
and fifteen inches. The seggars are made of tjjie 
n^arl whi#h is found in such abundance in the Staf- ■ 
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fordshirQjjCoUieries ; it consists of grey siliceous shale 
and carbonaceous sfchist* It is prepared fptf use by 
* exposure to the weather,* and when reduced to powder 
is mixed with old ground seggars. The clay thus 
produced is well kneaded, rolled out into sfrape, and 
the seggar is formed by folding the clay over s * hollow 
wooden mould. * The seggars ^require careful drying 
and' firing before they, are fit for use. 

In filling the seggars, the pieces are prevented from 
sticking together by interposing between them a quan- 
tity of sand or powdered flint. Many articles in soft 
porcelain arte firmly imbedded in dry flint powder, 
which gives them support and. prevents them from 
warping in baking. Saucers are kept in form by an 
earthenware ring, called a saucer setter ring; cups 
have an earthenware ring on the top of each, and are 
not allowed to touch each other in the seggar. As 
the seggars are filled they are conveyed to the 
furnace, and are piled up one over another, the flat 
bottom of one seggar serving as a cover ^o the one 
immediately below it. They are separated however 
bjr a roll of clay on the rim of each seggar ; each 
pile of seggars as it stands is called a bung . Con- 
siderable skill is required in arranging the seggars in 
the oven, in order that the various articles may receive 
the required amount of heat. The largest and 
coarsest pieces are 1 usually placed on the floor of the 
ovep. About . thirty thousand pieces of ware are 
usually included in one baking. 

Aitf accurate idea o£ the appearance of the oven or 
kiln may be formed from the engraving on the next 
page, which represents the kiln before the fire is 
applied, and while the seggars are being arranged*in*U* 
A portion of the outer cone of brick-work, or hovel, is 
removed <in order to show the intend arrangement*. 
. Th^kiln itself is a massive cylinder* of Jmck-work, 
.bojmjl with iron bands, and surmounted by a dome. 
With an aperture in the top to allow of ( the exit of 
sihoke; this hole is situated immediately finder the 



MANUFACTURE - 0F E At^THEN^V AHE. 65 . 

chimney of the hovel. The kiln*is surroqpded by am 
murtyepQf fires and flues skilfully arranged for pro- 
ducing a. high and equable temperature within. The 
use.ot the hovel is to protect the kiln from the .cool- 
ing effect of air and min, and to furnish a chimney 
to the^kilil. On shelves running round it ewe ar- 
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*^nged seggars in a # green htate, where they are dried 
previously to baking. When the kiln is filled with 

S rs the doorway is carefully bricked up, the fires 
ghte<J, and from that time till the baking ly corn-* # 
pletfed, (a period of from thirty- three#to forty hoprs f<j(t . 
porcelain? and from forty to forty-eight hours for Shit- + 
ware,) tjie kiln is anxiously watched by experienced 
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..workmen. Tfae heat employed shouMbc just sufficient 
r to drive omthe moisture ^ind agglutinate the^yardfeles 
which compose the ware. «It should never be sufficient 
to fu # se them; for if this were done, there would be 
danger of their breaking down, and becoming, spoiled. 

Thtfc fires are usually lighted at six o’clock in the 
evening from a stipply .of buriyng coals outside the 
hovel prepared some time before. In the course of 
three or four hours the fires have gained considerable 
force, and the flame ascends completely through the 
cylinder into the chimney of the hovel. Coals are 
added from time to time, an$ the draft properly 
regulated. In the course of the night the flames may 
be seen issuing from the chimney. Early in the morn- 
ing the fireman takes out his first watch to sec how 
the baking goes on. 

These watches or trial pieces are rings made of Staf- 
fordshire fire-clay, which has the property of assuming 
different shades of colour at different temperatures. 
A number of these arc placed in a segga* opposite 
a bole in the cylinder, and the fireman, removing the 
clay stopple from this hole, inserts a long iron rod, 
passes the end of it through one of the rings, and 
withdraws it. When it is cool he is able to judge of 
the heat of the kjln, and tire consequent state of the 
ware in the beggars by the appearance of the ring, 
and he increases of lowers the temperature accord- 
ingly. When by frequent inspection of the trial 
pieces tlie baking has been judged sufficient, the firing 
is discontinued, thefqrn#cc and ash-pit doors arc closed, 
Che fire is allowed to go out, and the contents of the 
oven are then left to cool gradually during twenty- 
four or thirty hours. In the course of one baking tho* 
kiln consumes about f fourteen tons of coal, of which 
^four are pwt in the first day, seven thtf next day and* 
follo^rfhg night, and the last four to give^the strong 
flfiisjiipg heat." L 

When the ware is removed from the kfrn it is in 
the* 1 state called biscuit , not because it has Ixaen twice 
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cooked or baked, as the name infplies, # bj^t from itaw 
resdmbfeince, l*)th to the eyg and to the touch, to the 
dry Vnd taugh surface of well baked ship-bread. • 

Some 'articles, such as wine coolers, butter copiers; 
gntf water bottles used in the East called aJcarrazas , 
are finished when bought to the state of l^scuit. 
Water contained in tfyese vessels slotyly oozes through 
the substance of the ware and ■ forms a dew oh the 
outside, the evaporation of winch carries off so much 
heat as to redyce the temperature of the remaining 
liquid many degrees below that of the atmosphere. 
This effect is proportionally increased by suspending 
the porous vessel in /i current of air ; as, for example, 
between two doors ; the current carrying off the dew 
much more quickly than in a still atmosphere. 

When the ware is removed from the oven it is 
carefully taken out of the seggars, placed hi baskets, 
and conveyed to the biscuit-room, where each artide 
is examined, and struck with a piece of wood, its 
sound indicating whether the baking has been pro- 
perly conducted. Considerable shrinkage has taken 
place in the ware, in consequence of the high tem- 
perature to which it has been exposed ; for it is a 
curious property of clay to contract, not to expand 
by heat, as most other bodies do ; not that there is, 
in fact, any peculiarity in this respect* as regards 
clay, but it retains its moisture «o obstinately that 
a very great heat is required to Jet rid of it, anc^thp 
shrinkage is occasioned by the passing off of moisture, 
and the consequent contraction of the clay. *Whcn 
this is got rid of, the clay expands, like? all other solicl * 
bodies, by heat; but while at a high temperature a 
sqpra* intimate uniofi takes place between the clay 
and the flint and other ingredients of the ware, so 
tjjat when cooled again and moistened, the ware does 
not return^to «the dimensions which it had il^the* 
greefA state. Hence, in making artic£es»to pattern it. 
is nefcessai^ in the first instance to make them larger 
than the yaodel, in order to allow for shrinkage, 
c 3 
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GLAZING BISCUIT WARE. 

t) * 

Such articles as are pronounced perfect in their 
biscuit state are ready for glazing ; but if ^he ware 
is to foe covered with any design or ornameni, this is 
first added by printing, or painting by hand, in 
enamel colours, as ^will be described presently. 
White and cream-coloured wares require only a coat- 
ing of glaze to fit them for the market. 

There are various kinds of glazes, all of which 
possess the property of melting into a glass, so as to 
cover and completely protect, the porous fragile 
, biscuit ware, rendering it impermeable to water and 
otliei fluids, improving its appearance, and preventing 
it from orumbling and decomposing by use, and by 
exposure to the air. 

" The composition of glaze is another of the secrets 
of this art, each manufacturer having his own recipes 
for glazes ; they generally contain flint, and an alkali, 
the usual ingredients of glass, with sufficient lead to 
render them fluid. They are applied either in the raw 
or the fritted state. In the one case the ingredients 
are reduced to powder, mixed up with water to a 
creamy consistence, and then brushed over the bis- 
cuit. In the other case the ingredients are melted 
or fritted ,in a furiiace, which ensures their chemical 
combination; a seriii -transparent glass or enamel is 
thus produced, which is then reduced to powder, and 
appBeSl in the samp manner as raw glazg. 

There are tfcree principal glazes ; one for the com- 
mon pipe-clay, or cream-coloured ware ; a second for 
the finer pipe-clay ware, to receive impressions, 
is called the printirtg body ; a third for the ware which 
is to be* ornamented by painting r.ith the pencil. 

^ A<jp6rding to Dr. Ure, the glaze of £he jfirst or com- 
».n^pniware i& composed of fifty-three parts of V/hite 
lead, sixteen of Cornish stone, twelve of flints, and 
four of flint or crystal glass ; or of forty of white 
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lead, thirty -six of Cornish* stonS, tw^l^e of flints^ 
and fq^r of •flint glass. # These ingi^Sients are # 
applied Jaw. The glazes intended to cover all kin^p* 
of figures printed in metallic colours, consist of 
JtwGnty-six parts of white felspar, fritted with six 
parts jn spda, two of nitre, and one of borax; to 
twenty pounds of this^frit, twenty-six parts of felspar, 
twenty of white lead, six of ground flints, four of chalk, 
one of oxide of tin, and a sniffll quantity of oxide of 
cobalt, to take off the brown cast, and give a faint 
azure tint, are added. The stone ware which* is be 
painted is covered with a glaze composed of thirteen 
parts of the printing colour frit, to which are added fifty 
parts of red lead, forty of white lead, and twelve of 
flint, the whole having been ground together. It is 
stated that these compositions produce a very hard 
glaze, which preserves for an indefinite * time the 
glassy lustre, is not subject to crack and exfoliate, 
cannot be scratched by the knife, is not acted on by 
vegetable; acids, and does no injury to articles of food 
kept in contact with it. There is, however, an ob- 
jection to the use of lead in glazes, not only oil 
account of the injury to the health of the workmen, 
especially when raw glazes are employed, but from 
the liability of the lead to be’come soluble in acids, 
and to mingle with food, whatever iriay said to the 
contrary. Hence the use of leaden glazes is becom- 
ing much less common. At Messrs. It idg wood’s the 
writer saw a large quantity of glaze flowing frflTh 
the fritting-furnace, in the composition of^yhich 
not a particle of lead had been # el»plqypdr 9 

The fritted glaze having been ground to a fine pow- 
der,^ put into the miscina-tub, w r here the other ingre- 
dients areadded. The whole being jy ell worked together 
with water, tli£ mixture is drawn off into a dipping- 
Off?, in which a quantity of common salt is Sometimes • 
add£i to itfake'the water more buoyjm^ and tubs td 
prevent the metallic oxides of the glaze fronf ffiilb- 
sidin-. 
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^Thc artjpje^ in the biscuit state being carefully 
Jbrushed from dust or powdered flint, *are invnersed 
one by one in the glaze-tub ; as each article is taken 
out, tjie dipper skilfully shifts it into different posi- 
tions, so as to distribute the glaze powder rnyformly*. 
over ttye surface, and to prevenrit from being thicker 
in one part than iif another. Wlylc this is being done 
the Watery particles of ^.the glaze are absorbed by the 
porous biscuit, leaving the surfaces covered with a 
thin coating of white powder ; the article is then set 
aside to drain, either upon a hair sieve, or upon a 
board containing rows of projqpting points. When 
sufficiently dry, the glaze has very much the appear- 
ance of* a uniform coat of whitewash, entirely con- 
cealing the biscuit, together with any figures which 
may have been previously printed or painted upon it. 
The articles arc again carefully packed in seggars, 
and various arrangements arc made to prevent them 
from sticking together. It is obvious that a layer of 
sand or flint cannot be used for the purpose, i as in the 
biscuit oven, since the glaze in melting into a glass 
would unite with the sand or flint. On the inside 
of the cylindrical seggars strips 
of seggar clay are fixed, pre- 
pared with triangular holes in 
which stilts 0f clay are inserted 
in order to support the pieces 
ofU^are and keep them sepa- 
rate during the baking. Other 
articlofl^of .pottery %re sepa- 
vated by various" forms of rests and supports called 
cocksjmrs , stilts, triangles , &c. The seggars are 
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tfieji conveyed^ to tlie plaze-kiln, wbiqb is simi» 
lar’in arrangements to. the* biscuit-1*] n, but of®* 
smaller dimensions. The heat employed is juafc 
sufficient to fuse the glaze into a transparent glass, • 
and to <apablcit to unit^ perfectly with the surfaces- of 
the biscuit. Rings of clay covered with glj^e (as 
shown in the figure,) are drawn 'out from time to 
time, whereby the workman ascertains the state of 
the furnace. 


PRINTING ON BISCUIT- WAiyS. 

When the ware*is to be ornamented with a pat- 
tern, this is generally added before the glazing. The 
blue of the common dinner-service is produced by 
means of oxide of cobalt, mixed with ground flints 
and sulphate of baryta, in certain proportions, 
according to the shade required. These materials 
are fritted and ground, and before being used they are 
mixed wtith a flux, consisting of ground flint and 
thick glass powder, which serves to fix .the colour 
upon the biscuit, and to prevent the glaze from dis- 
placing the lines of the pattern. TJie colour thus 
prepared is then mixed with linseed-oil previously 
boiled to the consistence of honey, .resin, tar, and oil 
of amber, forming altogether a very viscid kind of 
printers ink, which is liquefied for use by spreading 
it out upon a hot iron plate. * • — 

The pattern is engraved upon copper plates, in the 
usual way»for copper-plate printing. •The'printer 
covers the engraved surface of the ^>!a.te (previously 
made hot at a stove,) with the colour prepared as 
^befre; this he does with a leathern muller, and then 
scrapes pff the superfluous coloifr wjjh a pallet-knife, 
4 Zid lastly ddftning it with a dossil filled ■with bran.* 
Thi linesi representing the pattern, which ahg cirt 
rafner deeply, will thus be charged vfith inky ^rfjiie 
the’smoolh, unengraved portions of the plate wilfbe 
.clean. «The pressman then takes a sheet of tnin 
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yellow una^jfd pa^er, intended to receive the im- 
pression, c(5ps it into*soapy water, and* lays h m6ist 
upon the copper-plate. fl The plate is then passed 
through a cylinder press, and the paper receives the 
impression of the pattern. The soap enables the, 
paper Jfo come off more readiljNrom the copper ; and 
when they are separated, the gaper is handed to a 
little* girl, named the cutter , who cuts the pattern 
into its separate parts* clears away white unprinted 
paper from about them, and places them by the side 
of the woman called the transferrer , whose business it 
is to transfer., the pattern from the paper to the bis- 
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e*it. Taking a biscyiit article, she places the several 
sections of the pattern, with the ink$d part down- 
* wardy in their proper placed, and then rubs them KT 
f/it'^a roll of funnel firmly tied up into* a rubber, 

' ozurfend resting against the hollow of the right arm- 
pit* and the other upon the biscuit. At first^she rubs 
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gently, but afterwards more forcibly, jm±il the infc jg 
fairly iransferred from thg pattern to tae surface o£ 
the* ware. When a mynber of articles are tlyis 
treated, they are placed in a tub of water, and ^ently% 
wkshejJ with a brush to get rid of the paper. 

Th^e articles thus prepared* are placed in an oven 
for a few hours, an<^ subjected to^a heat sufficient to 
drive off the oily particles of the ink, and the* water 
imbibed during the washiffg. The ware is then 
covered wit|} a glaze, which completely conceals the 
pattern, but which in the glaze- kiln melts into’ a trans- 
parent glaze, completely protecting the pattern but 
leaving it perfectly distinct. 

At Minton’s porcelain-works another method is 
adopted for transferring the design to the surface # of 
the ware after glazing. A flexible sheet of glue, 
called a paper , or bat , being placed upon a flannel, 
the engraved plate, charged with oil, is brought down 
upon it, and gently pressed by hand, when the glue 
receives, an impression of the pattern, which is thence 
transferred to the surface of the biscuit; being care- 
fully taken off, it is applied to a second vessel, and 
communicates a second impression. The glue-paper 
is then cleaned with a wet sponge, und left to dry 
while other papers are in use. The colour, which is 
in the form of dry powder, is then dieted over the 
vessel, and it adheres only to tljpse parts which have 
received the impression in oil. When the vessels 
thus treated are put into the oven, the oil is flfWen 
off by the heat, while the colour sinks in^nd be- 
comes indelibly incorporated wHli t)\c glaze. # 


pAintiisg and ornamenting the ware. 

^artk^iware and porcelain arc ^rnamenteiX 
various degrees of skill, by artists who lay^a^the* 
colours with a camel’s-hair pencil. The colours. are 
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j$t metallic^ide^f and are ground up with certain 
^ubstances %wnich vitrify; by heat, such aa glass, 
nitre, and borax, in certain proportions. By means 
. of this flux the colours are permanently fixed upon 
the ware, and are protected from the actioij, of the* 
air anji other agencies capable of affecting %them. 
The colours used? in painting Render porcelain are 
those' employed for painting in enamel, which is a 
kind of glass made opaque by oxide of tin, and 
rendered fusible by oxide of lead. Painting on ten- 
der porcelain requires to be several times retouched 
with the pencil, in order to giv^ it the brilliancy and 
distinctness obtained by the use pf the same colours 
on hard porcelain, the compact nature of which 
generally renders these retouchings unnecessary, 
“except foy the most elaborate specimens of the art, 
which can by such means, however, be produced with 
the most admirable degree of perfection, so as to 
render paintings on porcelain not distinguishable 
from the first productions of the pictorial art, with- 
out reference to the body upon which it is performed, 
or to the means used for bringing out the colours ; 
natural objects, landscapes, portraits, and even his- 
torical pictures,* being represented with all the truth 
as well as with all the brilliancy of colouring which 
distinguish the works of the first masters.”* 

It would be useless to transfer to the pages of a 
work^ of this kind the various recipes which have 
been given for coloured enamels and glazes, not only 
becausp^lhe reader is qpt likely to be interested in 
such details, but* also because, in many works, the 
recipes seem to have been given as much with the 
view to mislead as to guide. The old artists, wh<^ 
succeeded in producing fine colours on glass and 
^porcelain, Vept tHSir processes secret, acd when callejJ. 
v Ninon Jt o publish them, did hot scruple to f giv<£iV;lse 
insufficient • directions. Even at the presently 
* enrfmel painters keep the composition of theft colours 
* Porter— Cabinet Cyclopaedia. 
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secret ; so that^in different Tiouse^ simlh^results ar<* 
obtained by lightly different means. Ilfmay, how- 
eyen^bcr interesting to meiition what metals are em- 
ployed for the production of different colours. . 

. PurjjJe and violet ye obtained by dissolving gold 
in aqigi regia, (a mixture of liitrio and hydrochloric 
acids,) and immersing a bar .of pufe tin in the solu- 
tion. By this means a precipitate is obtained, named 
after its inventor, the purple precipitate of Cassius. 
By dissolving the gold and the tin separately, and 
then mingling them in different proportions, various 
shades of carmine, ifrjolet, and purple* are obtained. 
Other precipitates qf gold are also made for the pro- 
duction of these colours. 

Red oxide of iron also produces a red colour, oV 
less brilliancy than that obtained from gold. Dif- 
ferent proportions of the black and red oxides of iron 
furnish various shades of reddish brown, chestnut, &c. 
Oxide of iron calcined with double its w eight of 
common ®alt, yields a permanent red colour. 

Yellow colours are obtained from chromate of lead; 
also from white oxide of antimony mixed with sand 
and oxide of lead. A mixture of the oxides of ura- 
nium and, lead produces a strajv colour. 

Blue is furnished by oxide of cobalt ; a deep rich 
shade of this colour to a light blue, »is obtained from 
different proportions of the oxides of tin and zinc. 

The green oxide of copper is*usually employeddin 
the production of that colour. Various shades arc 
obtained by* different mixture^ o£ Prussian bftt% and 
chromate of lead. Oxide of chromftiTn also gives a 
beautiful green colour. 

- *0«ide of mangaifese is used for black ; but it^LS^ 
usual to unite several oxides to produce this colour. 

white fc*producedpfrom one part of wirgjin tin 
and pflfts <*f‘ common salt. 

Tflfe colours, when required for like "are poandeob 
in an aga&, porcelain, or glass mortar, with a pesfle 
of the satne material as the mortar. They are then 
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ground, wiCB^a small quantity of oil^ on a 
''palette firnSly beddecf in plaster on a woodejrL 
The colours are rubbed tintil all roughness ha* 
appeared. Oil of turpentine is the usual vehicle jfi 
the colour and the flu$, the proportions of wjtich ar 
carefu/ly weighed ,out and ground on the palette w' 
the volatile oil. The mixture is made sufficienfi^ 
fluid for the artist to produce his strokes with t - 
camel’s hair pencil with ease and distinctness, 
painting the pattern, the artist is seated at a tab 
from which projects a board for the support of 1 
right arm, and he holds the ‘article in his left, 
shown in the figure. • "* 

Jn many cases the co- | 

lour, as applied with 
the pencil; is ’very dif- 
ferent from its bright 
and resplendent ap- 
pearance after the fire 
has driven off the oil 
and other matters, 
which cloud its beauty. 

It Is difficult to ima- 
gine that the dark and 
dingy mixture which 
seems to dRfigure the 
delicate surface of the porcelain, is capable of i 
oscxiplete a transformation. 

Whgn the ware has been painted, the colours ar 
dried? and the oil off in a furnace at a mode- 

‘rate heat. Tlfty are then glazed, and put into the 

f 1 ize-kiln, or at once consigned to the enamelling- 
n, as the case may be. It 'is not necessafy Je 
low this part^f fee subject further, as the general 
readey will obtain a sufficient idea oMhe various pgp$- 
-eges from the details already given.* t> CV 
Jffi ke gold* 4 employed in gilding porcelain, i^first 
dissolved in aqua regia ; the acid being next driven 
off by heat, the gold remains in a minutely divided 
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, # adhere^5rhe filling up*jj 
°f the device is next 2 , 
^0€m, performed in an ing%* 
nious manner. Siquan- , 
§g!jar ^| # tity of slip or clay,/ 

-■ ~^J3 II # \ in«a semifluid* statc^j 

-poured over the tile** 

• as completely to con* 

ceal its surface ; this is spread 
over with a knife, and ‘then left 
f f° r twenty-four Jiours, when the 
m slip becomes tolerably hard. The 
• ^y e j 8 then placed on a small 


whirler, and the pattern and the ground are brought. ■ 
bjiut by scraping away the superfluous clay, and 
*reeaving it only in the depression caused by the 
: pattern mould. The whole is, lastly, made sn^ooth, 




ARTjs AHp M4«NUFA*CTUBES. 

^0( s r r " 

%ey are th&i arranged in seggars, ancl Arenas * ^ 
iaMng pottery and porcelain, only about doubha^\rf2 
fltme is^required for tbe purpose. The oven is let 
*o cool giadually duriqg aboul^six days, and th 
’h?s arfy then drawn in their finished state, Tfoes 
*les contract in filing, about one eighth of an inch ij 
every inch. The dr^ tifes contract about one six 
t couth of an inch. 
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, • 1 ♦ ^ w 

a tb* 4 e, and be/ng mixed with borax anfr^un-water, 
var *pliaj to the wares with *the*pencil. Articles whicB ' 
pof their edges, or other parts, ornamented with % 
grou/cuJar line, are placed on a wkirler , or circular head 
slip wfiod, capable revolving on the top of a 
it r 11a/. The pillar can be lengthened oO short- 
ly led, at pleasure by means of an iron rod 
fioi serted within it, and oan be, fixed to the re- 



quired height by means of a thumb- 
screw. The attist, seated in -a chair, 
places thiv machine before him, and 
adjusts it the proper height: he keeps 
it (Steady by resting his feet on the 
claw at the bottom; and fixing the 
article to be ornamented upon the cir- 
cular head, he applies the^encil to it 
with one hand, kept steady by mqans 
of a rest, then, with the other 
hand, he causes the circular head 
to revolve. In this \y»y circles 
are described with great truth and 
readiness. When the articles thus 


lamented are baked, the gold appears of a ding, 
.ue ; but the beautiful lustre«of this metal is brougn 
ut by burnishing, first w ith agate, and then “with 
jlood-stone. This is done by a femafe, who rubs 

t^e B burnibher lightly on 
j | j the gilding, taking* 6 at 3 , 

not to cross her^trob^ 
desfc the gliding 
appear* scratched/ r he 
gilding is clean* , * na 
time to time 1 
litfle^negm m white 
lead, and to the * 

porcelain jfW 
soiled, it'** 1 1 Id hr ‘ 
piece of eh 4 a linen. It 4 
^ * mjRNmiiM, was stated, some years 
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£go, that th^rveekfy consumption of $old for gil^ 
^ttig porcelalh, ike,, in Stoke-upon-Trftnt bojough, 
anfounted to the value of £650 sterling, or *35,900 
Annually. 

<5 ^ 


THE MANUFACTURE OF ENCAUSTIC TILES. ' 

• Vi e 

* 

The revived taste for ^Iccor^tion with encaustic 
tiles has led to the invention of a number of ingenious 
processes for the production of these articles, with f 
facility and beauty of effect which ’were not capable* 
of being attained by the ancient method. In coiot 
paring the old with the modern productions, it ma\j| 
perhaps be said that the former as much excel lei 
the latter in beauty and variety of design, as thf 
latter surpass the former in facility of production' 
and excellent workmanship. 

The following account of this branch of manufac 
fure was obtained during a visit to the extensive tile 
and mosaic works of Messrs. Minton, of Stoke-upon 
Trent. 

Encaustic, tiles' consist of a thickness of red clay, 
with a facing of a finer clay, which bears the coloured 
oyiajnent or device. ^ The bottom of each tile is also 
covered with a thin layer of clay, different from the. 
body,Jtfi ord$r to prevent warping during o the drying 
„ <and baking. < i 

7 T^he body of the tile is formed of red clay or marl, 

J obfaii;ed from Cobshurst, about foisr miles from Styke, 

* Vv^hen dug out, it is, left exposed to the air for abou| 
g seven months. This is called tceatheri&g or tfinterhi$jk 
Ss-Whk brought into the Manufactory, vt 0 \8 

and worked about in water, withabludger^ 
4; When divided to a certain extent, it is lftded int$ 
8 another tank, and blunged ; this operation isjrepeated; 
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a third time. It is then passed lifcrou^l^gicves of 
various degrees # of fineness, mixed with various com- 
posites, and is then either dried into hard lumps and # 
ground into powder at the mill, or evaporated at the 
sMp kiln, •according to o^e of two methods by w flick 
it is intended to be formed into files. 

By JVIr. Prosser’s patent, the powtlcr, as it chines 
from the mill, is placed on slabs* of plaster-of-pftris, 
slight!} damped. It is then sifted through fine sie\e&, 
and, when subjected to intense m^sure, the particles 
of the powder will unite intoji/rn, solid, slabs or tiles. 
At the lowei extremity of the screw of# the press, is 
fixed a steel plate, *)f the size and pattern of the 
intended tile ; this fits into a steel box of the same 
dimensions, the bottom surface of which is ribbed/ 
and this, b} impressing ribs upon the und^r surface 
of the tile, enables it to adheie inoie strongly to the 
mortar oi cement inlaying down ihe tiles for a pave- 
ment, or for co\ering a wall. A quantity of the 
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40 that shqvm in the figure, the force exerted is *quaf 
to aboutUofir hund^d Jons ; and a thickness of three 
inches of powder is compressed into a tile o/*e inch 
‘"thick, with sharp edges, and a beautiful polished sur- 
face. Tiles of various sizes and shapes ^ are* thus 
produced, the largest of which present a ‘surface of 
fortj two inches by nine inches ; also such articles a* 
top n for tables, eighteen inches in diameter, scale- 
plates for pork and butter-shops, twelve inches inj 
diameter and upwards. Small ornamental buttons 
and shirt-studs, are mode in a similar way nt smaller 
presses; alsp tesserae, for mosaic work of various 
shapes, colours, and sizes, forming, when put together, 
all the beautiful devices of which mosaic work i«| 
^capable. When, however, the size of a tessera ex- 
ceeds one and a half inches square, it becomes a tile J 
j When these various articles leave the press, they arej 
pjit into a hot room for a week or two, and are then 
I ornamented, glazed, and fired. 

Such is the method of forming what are called 
1 dry tiles, Encaustic tiles are formed from the clay 
after it has been evaporated in the slip kiln, it 
.is wedged and slapped to get out the air, and 
then slapped into a block, of the fora of a cube, 
or parallelepiped, and placed before the tile-maker, 
who cuts off and removes a square slab, by passing 
a wire through it: upon this* the facing of finer 
clay, coloured so as to form the ground of the tile, is 
batted out, and slapped down; it is then turned oyer^ j 
and a facing m applied to the bottom of the tile to in- 
vent warping; ^be thus formed is next covered with 
fa piece of felt, and put into a box~press ; a plaster of 
i?aris slab, containing the pattern in reikf, 1$ 
hr/ ught down upon the face of the tiki and 
in the* soft clajnDr ground of < the* tile, thfi ipb 
< which, afterwards to be*. filled* up with of 
* aether eJouj- , When the tile is removed flfonfthe 
the name of the maker is stamped <m the back, 

| together with ; number of boles to riafee thf mortar 








